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PREFACI^: 


The piirpoRo of this book is primarily that of acquainting 
the student with the a])plicaiioiis of those scientific facts 
and j)riiiciples ^^dlich are of use in planning constructive 
systems of soil nianagciiKiit and in increasing the pro¬ 
ductive' (japacities of soils. It is assumed that the student 
has had courses in chemistry, botany, geology and physics 
and that lu* is familiar with the ordinary \'oc.abiilaries of 
th(^s(^ sciciices. 

Many of the applications of the above sciences which 
are of interest to the more advanced student of soils are not 
touclu'd upon in the following ])ag(*s exc'epi perhaps in a 
\'ery bric'f way. This is for the rc'ason that the book is 
intended for us(' in a recpiired course in soils in an agricul¬ 
tural college Jiiaiiy of th(' students in which are not pri¬ 
marily intereslc'd in the more intriente phases of the sub¬ 
ject and have little or no nec'd for the course ex(^ept as it 
may be useful to tlK'in in j)ractice or in undc'rstanding prac¬ 
tice on the farm. 

It has iiot bcH'ii (h'C'iiK'd dc^sii’able to attempt to present 
any large ])art of the data on which the author’s (ionclusions 
are based. For this reasoi] illustrative data have been 
chosen from whatever sources the Juost conclusive evidence 
could be s('cured. In the abs('nc(' nf any reason for doing 
otJierwise, these data have been s(‘lected from those pub- 
lish(*d by the Ohio Agricultural Experiment Station and 
(kdlege. Where the book is us('d in other state's it is hoped 
that illustrative data from those^ states can b(^ substituted. 

It is assumed that the classroom discussion of the subject 
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will be supplemented by laboratory studies designed to fix 
more definitely in the student’s mind some of the more 
important facts and principles which lend themselves to 
laboratory demonstration. Thus a supplemental guide has 
been prepared for use in the required course in soils at the 
Ohio 8tate University which has been found to stimulate 
additional interest on the part of tlu^ studcmt and to make 
the classroom instruction more ciffectivc. 

Firman E. Bear. 

Ohio State University, 

Columbus, Ohio, 

AprU 15, 1923. 
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CHAPTER T 

FACTORS AFFECTING THE GROWTH OF CROPS 

Chop growth is iiiflueiiml ]\v luuny hictors. These' ma} 
bo eonveriioiitly elassifiod into three groups, vi/.: elimatie 
biotic, and soil. Among the* elimatie; fae’tews are rainfall, 
light. tempe;rature and atmosphere. Uiide'r the; biotie; 
gT-oup may be ineluele'd man, animals, othe'r plants anel the; 
eroj) itself in relation to its envirenime'nt. The soil faedors 
include* all tho.se physk'al, e*liemical and biologie*al pre)perties 
of and proee'sse's in the soil whie-h alTe;e‘t its e;apacity te) sup¬ 
ply the e;rf)p with the* neee;ssary nitrogen, mineral elements 
anel \\ate'r. 

The^se; various factors may 1)0 either |)ositive e)r negative, 
de'pe'neiing uj)on the* e'onditions. Thi'y are all ve'ry de'finitedy 
inte'rredated. It is se'ldom, if eve'r, possible to have all of 
tlu'm etperating at the optimum. The suee'ess e)f the farmer 
in growing ere)])s is ele'tennine'd })y the exte’iit to whiedi he is 
able to kee]) the seve’ral faedors unele'r control; to me)elify 
their influence' to suit the nc'e'els of his crops; and to choose 
the crop te) fit the conditie)ns Avhie'h obtain. 

CLIMATIC FACTORS AND CROP GROWTH 

The climatic facte)rs are so re'lated to each other in their 
■e'ffects on croj) gi-owth as to make their separate ce)nsidera- 
tie)n diffie'ult. The; amount of water a\'ailable to the; plant 
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is not so much dependent upon the rainfall as upon the 
rairifall-evai)oratioii ^atio; the atmosphere is in competition 
with the plant for water, particularly in semi-arid regions. 
The photosyiithetic processes in plants are dependent upon 
light, but the intensity of the sunshine is ordinarily much 
in excess of the requirements of i)lants; length of day is 
the imj)ortant phase of the light factor. Certain crops 
grow best in cool climates, but this may at times be related 
to the larger sui)ply of available moisture under such con¬ 
ditions rath(T than to the direct eff(Mrt of temperature;. 

leaker and Finch have shown the geographic locations 
of the more important crops and have indicated the climatic 
conditions associated with these; locations. It is not 
feasible to discuss the relationshi])s betw(;(‘ii edimatic factors 
and croj) distribution in detail, but some of the more impor¬ 
tant cases will be ^;ousidered. It s(;(;ms de'sirable to point 
out that the farthe'r removed a farm is from the center of 
production of any crop the more difheailt it is ff)r the farmer 
to grow that (Top satisfactorily, until a point may finally 
be reached at which it is no longer advisable; to make the 
attempt. 


CLIMATIC FACTORS AND CROP DISTRIBUTION 

The wheat crop does not thrive' in warm, humid climates 
because of the competition of wheat elise'ases under sue;h 
weather conditions. The growing se;ason for whe'at must 
be* at least 90 days. The ave'rage annual jirecijiitation of 
wheat regions of highest acre production is betwe'cn 80 
and 85 inches. The seasonal distribution of the; rainfall 
is important. The most fa\'oral)le; conditions are found 
where a cool, moderately moist se'ason, during which the 
tillering process continues fre*('ly, deve;loi)s gradually into a 
warm, bright and seunewhat diy harvest period, which 
favors the develofimcTit of a hard wheat and is unfavorable 
to the growth of fungus diseases. 

The e;e)rn (Top finds its geographic range limited by tern- 
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perature and rainfall. In the Corn Belt of the United 
States the mean summer temperature is between 70° and 
80° F. with a night temperature averaging approximately 
60°. The season between frosts is about 140 days. The 
rainfall amounts to between 25 and 50 inches with at least 
7 inches during July and August. 

It is apparent that a good wheat climate is not the same 
as that described for corn. Nevertheless the two crops are 
grown successfully in rotation in temperate zoikjs by reason 
of the fact that wheat is essentially a winter and spring 
crop while corn is a summer crop. The two crop seasons 
overlap somewhat and for that reason the best w'heat sections 
arc often only moderately satisfactory for corn. Spring 
wh(!at is substituted for winter wheat in the cooler portions 
of the world, but cannot be grown in the C^orn Belt to 
advantage l>ecause it matures too late in the summer season. 

This same primnple is involved with the oats crop, 
which also is adapted to c^ool, moist climates and is even 
more seriously affc'cted than Avheat by high temperatures. 
Oats (^an b(^ grown successfully in wanii climates only 
when it can Ix' sown in the fall and have its growing season 
largely during the winter and spring months. Potatoes 
also grow b(‘st in moist., (^ool climates, somewhat north of 
the (’orn B('lt. in the UniU'cl States, under conditions where 
the tubers can be produced while the temi)erature is reason¬ 
ably low. In Algeria they are jJanted in November and 
Deceiriber and har\'est(‘d from January to May. 

Rice is an interesting crop by reason of its high w'ater 
requirements, being grown to best advantage under condi¬ 
tions in which irrigation can be pra(;ticed. In Louisiana 
the water nYjuireiiK'iit of rice is found to amount to approxi¬ 
mately I inch ])(*r day as an av(‘rage for th(^ !K)-day growing 
l)eriod. Th(i rainfall during this jieriod amounting on the 
average to 20 inches, the remaining 25 inches must be 
- supplied by irrigatit)!!. The temp(;rature rcciuiremeiits are 
at least 75° as a mean for the growing season. 




Fig. i. —'‘The farther removerl a farm is from the center of production of any crop the more diflRcuit it is for the farmer 
to grow that crop satisfactorily until a point is reached at which it is no longer advisable to make the attempt." Map 
from Finch and Baker's ‘‘Geography of the World’.s Agriculture.” 
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C\)tton is another warm climate (Top. The northern 
limit of (!otton growing is approximately a mean summer 
temperature of 77° and a frostless season of 200 days. 
The annual precipitation requircmients are found to be in 
excess of 23 inches. Within these boundaries the Cotton 
Belt is found with the best cotton being produced when the 
weather is warm and moderately moist from April to 
August and is dry and cool in the autumnal picking period. 

The sugar bc'ct has its highest conbait of sugar in north¬ 
ern latitudes. As to whether this is entirely related to 
temperature seems doubtful, the length of day during the 
growing season af)])arently having consid(Tabl(^ to do with 
the percentage of sugar. On the other hand, sugar cane 
grows best under conditions in which the t(‘nipcrature is 
uniformly high, the sunlight strong and the showers frequent. 
C^oo} and cloudy weatluT reduces the yield of cane and 
increases th(‘ percentage of fib(T with a consequent n^duction 
in sugar coiitc'iit. 

The oats and barh'y crof)s an* important northern crops 
by reason of th(*ir short season recpiirements. In P'inland 
and Sweden t}ieK(‘ ci’ 0 ])s are grown nearly to the Arctic 
Circle. Barl(*y (‘an lx* grown iji high altitudes where the 
sumiiK'rs are soon ov(‘r and in semi-arid sections where the 
wet s(*as()ns are shoii. 


l\v() excellent examf)les of drought-resisting crops are 
found in ()liv(*s and in the sorghums. 'The olive is sensitive 
to frost, but grows well in arid climates. Its surface root 
dev(*loj)m('nt enabU's it to absoib moisture after a light 
rain and its l('av(‘s ar(' of such a character as to retard 
eva])oration. Kafir, milo and oth(*r sorghums are gi’own 
in T(*xas, Oklahoma and Kansas with jin aveiage annual 
rainfall of from 15 to 30 inclK's. Diii-ing a jx'riod of drought 
these crops ceas(' growth, but go ahead normally as soon 
as rain occurs. 
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BIOTIC FACTORS AND CROP GROWTH 

Mention has been made of the fact that the wheat crop 
suffers, in warm, humid climates, from parasitic; fungi which 
find a favorable environment undcT such conditions. The 
growth and distribution of crops is influenced to a con¬ 
siderable extent by the degree to which the insects, fungi, 
bacteria and other parasites find conditions favorable for 
their development. Many of these biotic factors are negative 
and operate in opposition to the growth of plants. Notable 
exceptions to this may be cited in the organisms which live 
in the soil and have to do with makiiig the organic, the 
atmospheric and the miii(;ral clcunents available. It seems 
desirable in this discussion to include' these, as well as all 
of those i)iirasitic organi.sms whi(;h harbor in the soil, among 
the soil factors, since the only opportunity for their control 
lies in some operation w hich also alters the physical or chem¬ 
ical properties of the soil. 

The effect of crops on those grow'ii in association wdth 
them as wx'll as on the following crops merits considerable 
attention. The explanation of the injury to the croj) due to 
wxeds is probably not so simple as might, be anticipated from 
the ordinary^ siat.(;ment of the fact of tlu'ir competition with 
the croj) for water, soil ('lements and light. Similarly the 
differences in the jield of corn follow ing c]o\'er and timothy 
are not related entirely to the know n differences in the effect 
of these crops on the total content of nitrogen in the soil. 
These and other points relatcnl to crop succession will be 
considered in somewhat gieater detail in the chai)ter on 
“ Crop Rotation.” 

Man is the most im])ortant biotic factor sinc;e, in addition 
to his caj)acity to regulate in part the; properties of and 
processes in the soil and to influence indirectly the climatic 
factors, he is also able to control to a certain extent the other 
biotic factors w^hich influ(;nce the growth of crops. It 
must also be recognized that by breeding and selection it is 
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possible to develop new varieties and strains which may tol¬ 
erate a wider range of climatic conditions; may have a 
greater resistarnie to disease; or may have a greater capac¬ 
ity to secure from a given soil the elements reejuired for 
larger crop yi(dds. Theses may operate in opposition to 
negative factors or in su(di a way as tf) take better advan¬ 
tage of positive factors influencing the growth of crops. 


SOIL FACTORS AND CROP GROWTH 

The soil factors are variables def)ending upon the cli¬ 
matic and biotic fac^tors in operation. Produ(rtivity is not 
a property which is inherent in tlu^ soil itself but must be 
considered in relation to the eTn'iromnent of the soil and the 
recpiin'iiKaits of tbe eroi)s grem n. Th(^ of the factors 

other than the soil as they operate to iiiflu(UHT the growth 
of crops from year to year may be observed in a study of 
the fluctuations in yields of jjlots in the long-continued fer- 
tiliz('r tests at the sevta’al exjieriment. station farms. Exam¬ 
ples of these may be noted in the folk)wing table, which 
records the yearly yields of (Tops on plots 8 and 11 of the 
five-y('ar rotatioTi fertiliz(T s(Ti('s at Wooster, Ohio. Plot 8 
recei\7‘d a phos])hat(‘-])otash h'rtilizcT while plot 11 nu^eived 
a compk'te fert ilizer. Botli plots w(Te limed whenev(T the 
iKH'd seejn(‘d a])i)ar(ait. 

The soil tr(*atments for (\‘ich crop were uniform through¬ 
out the j)eriod of tli(' tc'st (^x(;('pt as changes in the fn^puaicy 
and type ot mechanical optTatious may have been necessi¬ 
tated by the weather. The clunatic and biotic factors were 
not controlled, although their inflmuKT was undoubtedly 
somewhat modific'd by the soil treatments. The differences 
in yields not,(‘d from yc^ar to year are such as to make it 
apparent that the productivity of a soil must be considered 
in relation to the env iromnent in \^hi(;h the soil happens to be. 

On th(^ other hand, it is possibk' to effect very remarkable 
changes in the productive; capa(;ity of any soil subject to the 
influence of any given climatic and biotic factors. Thus in the 
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TABLE 1 

Fluctitatiox in Yiklos Due I'o TTncontiiolled Factoks 
J’lots S niul 11, Ohio ExjK*riinoni Slutioii, Wooster 


! Yield ])er Aero 

I 


Corn, Oats, | Wheal, | Clover, j Timothy, 



Bu 

Bn 

1 

Bu. 

('wl 

(5wt 

IMots 

S 

11 

1 

S 

i 

11 

s 

11 

1 

S 

1 

11 

1 

S 


Year 

09 

1 7M 

4ti 

5M 

:55 

1 

; 4.5 

2S 

MO 

41 

41 

1907 

57 

! M 

27 

MO 

24 

29 

.‘52 

42 

52 

.59 

lUOS 

4(i 

49 

.50 

5.M 

.M4 

11 

.50 

40 

42 

.5M 

1909 

.‘JS 

5.M 

52 

51 

.Ml 

M2 

2S 

Ml 



1910 

10 

IS 

.5M 

4S 

20 

27 

.‘5(i 

40 

4M 

4.5 

1911 

72 

7M 

M.‘{ 

.‘>7 

1 1 

24 

21 

255 

.MO 

29 

1912 



.5S 

01 

10 

11 

:59 

41 

M.5 

M(i 

I91M 

MS 

42 

20 

21 

27 

MS 

l.‘5 

12 

MS 

44 

1911 

47 

54 

41 

.59 

.‘57 

;;.5 

15 

IS 

M() 

29 

191") 

.50 

17 


(i.5 : 

2S 

M2 

20 

2M 



1910 

41 

41 

IM 

40 i 

:;i 

M7 

20 

Mi 

m;5 

M.5 

1917 

02 

()5 

71 

! 

Ml 

M(i 

27 

M5 

4M 

:5S 

191S 

MS 

40 

7s 

SI : 

21 

;5.‘5 

2M 

22 

Ml 

41 

1919 

00 

(is 

MM 

MS ' 

2.5 

27 

2M 

29 

:5s 

MM 

1920 

57 

.50 

OM 

OM i 

1 

15 

1 

25 

40 

41 

52 

15 


saiiM* fiTtilizor serios at Woosior as that, niontionod above, 
tlie a\’erage annual Mere yield has varied betw een wide limits 
<^lepending upon the lertilizcT treatment the soil has received, 
all of the other factors being constant (‘X(*('])t as they may 
iiave b(‘(m modih(‘d indirc’ctly by the fej-tiliz(M-s apj^lied. 

Increases of fi'om <S to .‘Jo bushels of c-orn and corresixmd- 
ing iiKTcases in the yields of other croj)s, for which the soil 
treatments an* n^sjxmsible, indiente something as to the 
I)()ssibilities of infliieneing the productive caf)acities of soils 
through the control of soil factors alone. It is essential to 
keep in mind, howevcT, that th(‘ iiKToased yields produced 
as a result of the apfilication of fertilizers, manure and lime- 
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TABLE 11 

ImPROVEM 5NT IN YlELDS DuE TO SoiL TREATMENTS 


Average Aere Yields Ohio Experiment Station, Wooster. Five-Year Rotation, 

19(K) to 1918 


Variation in Treatment 

Corn, 

Bu. 

Oats, 

Bu. 

W’heat, 

Bu. 

1 

C3()V(!r, 

Cwt. 

Timothy, 

Cwt. 

No fertilisior. 

20 

30 

12 

12 

22 

Acid phospbat.c‘. 

31 

43 

21 

14 

27 

PhoHi)hate and potash 

43 

45 

22 

22 

28 

Complete fertilizer 

4S 

52 

31 

25 

31 

Fertilizer and linu»5tone 

54 

53 

32 

33 

41 

Manure 

55 

47 

29 

34 

42 

Manure and limestone 

01 

48 

33 

43 

1 

55 


stone may have their explanation in part in their capacity to 
modify the influence of the climatic and biotic factors. It 
must also be remembered that for any given jilant the cli- 
mati(! factors limit its distribution and that beyond a certain 
distance from the climatii^ crop (tenter the plant- may not 
thrive no matter how carefully the soil is managed. The 
farmer also has the alternatives of modifying the soil to 
fit the needs of a given crop or of choosing another crop 
which may be more nearly adapted to the soil under the 
environment in which it ha})pcus to be. 
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NITROGEN AND MINERAL REQUIREMENTS OF CROPS 

In order to reach some eoiK^lusion with reference to the 
nitrogtui and iniiierai nHjuirements of |)lauts it seems desir¬ 
able to examiiK' rather caixifully into their composition as 
sliown in the analytical laboratory. Jt is now re(H)gnized 
that such analyses do not nec(\ssarily jijiv'e an {*xact index of 
the (luantitiitive need for the several ehanents, but. they do 
provide a clue to plant rer|uirenients and permit of fairly 
exact estimates of the amounts of the mineral nutrients 
nanoved from the soil. 

THE COMPOSITION OF PLANTS 

A large amount of analytical data is available on the 
comj)ositi()n of plants, much of which is of doubtful accuracy 
bec^ause of the lu'cc'ssity of the us(‘ by early analysts of 
methods which aix* now known to ha\'e b(‘en fault v. Forbes 

ft 

has pn'sented analyst's of some of tlie (‘oiiimon Amej’ican 
(Toj)s made by the use of modern nudhods \\hich should be 
correct, subject of course to the limitation that they rep- 
restmt only a relativt'ly sjuall numbt'r of samples. From 
thcs(‘ analyst's, su])i)lcimintetl wht'rt' necessary by tht)se of 
other nitulern iiivestigatnrs, the follo\^'ing table sht)wing 
the ct)mpf)sition t)f the ctu'n, wht'at anti clt)ver plants has 
been ctmipiled. The t|uantilies td carbon, hydrogt'ii and 
oxygen were calculatetl t)n tht' Ixisis of the ratios in which 
they arc ftmiitl in starch aftt'r having subtratdtul from the 
weights chosen the (}uantilies of nitrt)gen and of ash ele- 

10 
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moiits which analyses had shown the plants to contain. 
These calculations are based admittedly on an iiuiorroct 
assumption, sin(?(' plants contain water, fats, proteins and 
other organic substan(;(^s, with varying ratios of carbon, 
hydrogen and oxygen. The figures are of value, however, 
in showing the relatively large; amounts of these elements in 
plants. 


TABLE 111 


C’^iKMicAL Composition ok Coun, Wiikat and Clovku 


Poinuls ])( 

•r Toll of Priuhn*! 





C^irn 

tA'hcai 

(5ovi*r 

Ijlcnu'Dts 


— 

— 

- — ---— 

— 


(Irain 

StoVlT 

Crain 

St raw 

Ihiy 

OxvffpJ) . 

‘Mil ■) 

‘)4:i (i 

957. (i 

9 IS 9 

92S.7 

CWhon . ... 

sii(i 51 

S4S 1 

S(i9 (i 

S52 9 

S51 7 

llydroKPii . 

ll’l 0 

1 IS 1 

120 1 

119 1 

lit) 5 

NiLroRm . 

27 S 

17 .^1 

0 

.'i (1 

11 () 

PoOissiuiii 

I) s 

■M :i 

10 1 

15 9 

51 0 

Phosphorus . ... 

f) 2 

1 i) 

7 1 

0 7 

5 5 

(Calcium 

0 -j 

9 1 

1 0 

1 1 

22 S 

Biili)hur. 

2 9 

:{ 4 

:;9 

.‘5 0 

5 5 

M:ihih*siuiii 

•_> I 

1 7 

2 () 

1 2 

5 4 

Siidiiini 

0 .") 

1 2 

0 (i 

4 1 

1 2 

CliloriiK' 

1 2 

O i 

1 (1 

5 9 

1 7 

SiIk’oii 

0 1 

7 

0 .') 

59 7 

2 5 

Iron 

0 1 

0 li 

0 2 

0 2 

0 r. 


VARIATION IN MINERAL CONTENT OF WHEAT 

In order to determine the variation in c()m})ositi()n of 
plants Forb(‘s analyzed samples of wheat selected from LI 
different j)lots of the fertilizer series on the Woostea', Ohio, 
('xperinH'iital farm. Calculated on the basis of the dr>’ 
^’eights of grain the content of the several elements found 
in the ash varied as indicated in Table IV. 
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TABLE IV 

Ranuk in Mineral Composition op Wheat Grain (Forres) 
From 13 Plots Variously Fertilized, Wooster, Ohio 


Pounds per Ton of Dried Material 


Element 

1 

1 

Minimum 

Maximum 

I*er Cent 
Variation 

Potassium. 

S S4 

10.46 

18.3 

Phosphorus. 

6 74 

8.12 

20.5 

Calcium. 

0 m 

1.14 

32 5 

Sulphur. 

4 2(i 

6 16 

21.1 

Magnesium. 

2 7S 

3 08 

10.8 

Sodium. 

2 2() 

3 36 

48.7 

Chlorine. 

1 4(> 

2.24 

53.4 


FACTORS AFFECTING THE COMPOSITION OF PLANTS 

Within certain limits the content of any one of the 
mineral elements in the plant is proportional to th(^ (quan¬ 
tity of that (ileiiK'iit available to the plant in soluble form. 
Pcmb(ir found, for example, that when barley plants were 
grown in (;ulture solutions containing varying amounts of 
phosphates, tluy absorbed, from th(i solutions w’hicih were 
more (concentrated with respect to phosiihorus, approx¬ 
imately three timcis the (quantity of that (ihuiient as seemed 
to be re(quired for optimum growth. To a (c(crtain extent, 
therefonc, it is jiossible to determine the amount of avail¬ 
able min('ral nutrients in the soil fr(un an analysis of the 
plant, and su(;h a method of soil analysis has b(cen sug¬ 
gested. It is also probable that (certain of the mineral 
elements are present in plants not because they arc recquired, 
but because th('y are dissolved in tine soil water and the 
plant has no means of pr(‘V(cnting tlucir (cntran(c(c. 

As would be expect(*d, jilants di£f(ir in their composition 
depending upon the species and variety to which they 
belong, their stage of growth at the time of analysis and the 
part of the plant analyzed. Legume hays are notable for 
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thf'u* high contont of iiitrogon. Th('y also contain consider¬ 
ably larg('r amounts of the ash elenieiits than do the stalks 
of most other (;rop plants. Cereal straws are high in their 
content of silicon. Tobacco contains relatively large per¬ 
centage's of ])otassmm and calcium. Considered from the 
point of view of the quantity contained in an acre of produce, 
the criKufers are high in suli)hur. Rape is an example of a 
non-legume having a nitrogen content eejual to that of 
clover. The protein content of soybean seed has been 
report(‘d to vary from 30 to 40 per cent, depending upon the 
variety. Corres})onding diffennicc's have been noted in the 
comi)osition of the seed and otln^r parts of the several vari¬ 
eties of other crops. 

Ordinarily, the ])ercentages of nitrogen and mint'iral ele¬ 
ments in })lants ar(* great(‘st during the earlicir stages of 
growth, while starch a(^cuniulat(‘s nion^ rajudly as the croj)s 
mature. With the ])roduction of se(‘d there is a movement 
of nitrogen, phosphorus and magiK'sium to this part of the 
plant with a tendency to conccuitratc' in the seed coats. 
Potassium and calcium tc'iid to rc'main wtdl distributed 
through the j)lant, the major ])ortion Ixaiig found in the 
stalks at the time of maturity. Thf‘ nhitive rate of removal 
of the nitrogen and essential mineral elements from the farm 
in cro])s is determin(‘d, th(a(‘fore, by what ])art of the croj) is 
sold. 


ESSENTIAL AND NON-ESSENTIAL ELEMENTS 

Arsenic, iodine, zinc and other elements of widely dif¬ 
ferent proj)erties are found in ])lants when grown on soils 
containing them, 'riic' extent to which these elements func- 
ti<ni in the plant is uncertain. few of them have been 
shown to acc(4erale growth in dilut(‘ (‘onc('ntrations and to 
be toxics when supplic'd in larger amounts. Some uncer¬ 
tainty also (‘xists as to the function, if any, of sodium, chlo¬ 
rine and silicon. Plants hav(‘ been grown to maturity in the 
absence of th(‘se ('k'ments exc('])t in such quantities as 
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unavoidably contaminate most culture solutions. Yet it 
has been shown that sodium can be substituted in part for 
potassium. Howev(^r, the elements which are of most sig¬ 
nificance by reason of their known specific functions are 
carbon, hydrogen and oxygen, which are derived largely 
from water and carbon dioxide, and nitrogen, potassium, 
phosphorus, cahdum, sulphur, magru^sium and iron, which 
are taken up in solution from tlu^ soil. 


THE MINERAL THEORY 

Under conditi^ms in whicih the soil has been farmed for 
some years and the virgin productivity has been consider¬ 
ably rtuiuced, it would be exjw'c.tc'd that' the yi(dd of crof)s 
would be d(»termin(Hl in large i)art. by the quantity of that 
soil element which was presc'iit- in smalh'st amount in avail¬ 
able form, as compared to tlu' need of t.h(‘ jdant for it. This 
was the assumf)tion on which Lic'big bas(‘d his “ Mineral 
Thtjory.” lliis tlu'ory stated that “ the crops on a field 
diminish or increase' in exact proportion to the diminution or 
increase of the mineral substance conve'ved to it- in manuni.” 
If the state'ment of tlu' tlu'ory were' made to include all the 
factors related to the growth of crops, such as water, nitrogen, 
carbon dioxide, light, heat, soil reaction and others, it would 
be more nearly coiT('(*t. 

Another jfiiase of the ])roblem whiedi Liebig’s theory 
does not take into consideration is that any factor in excess 
may become a limiting factor. Lurther, even if all factors 
were supjdied at the ofhimum the limit of growth of the 
plant is finally fixed by the capat'ity of the j)rotoj)lasm to do 
work. Taking these jxnnts into consideration, if all factors 
were at the optimum exce])t one, the yield of the crop would 
be expect('d to be proportional to the quantity of that 
factor supplied u[) to the optimum. TTowever, all of these 
factors are interrelated and th(' efiect of a deficiency of any 
one is detennined by the nature' of its relatioiishif)s to the 
others as well as by its own si)(‘cific, need by the croj). 
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EFFECT OF VARIOUS FERTILIZER SALTS ON CROP YIELDS 

Of interest in this connec^tion are the data available from 
experiment stations showing the effect of fertilizer salts, 
when applied singly and in combination, on the yields of 
crops. An example of this may be selected from the fer¬ 
tilizer series on the Ohio Experiment Station farm at 
Wooster; 


TABLE V 

Effect of Feutilizeu Salts on Chop Yields (Wooster) 


10-Yeiir Avoragp Acre Iiicreasos—S-Yoar Rotation 


Crop 

Cheek 

Yield 

Aeid 

l’ho.s- 

phiite 

Nitrate 

of 

Soda 

Muriate 

of 

Potash 

Lime and 
Lime¬ 
stone 

All 

C Com¬ 
bined 

Corn, bu. 

25 1) 

S t» 

0 0 

,5 9 

5 (i 

23 3 

Oats, bu 

30 0 

11 () 

5 0 

3 4 

5 1 

18 1 

Wheal, bu. 

12 2 

8 0 

2 2 

0 f) 

3 5 

IG 2 

Clover, ewt. 

11 () 

4 0 

3 5 

1 0 

6 1 

15 8 

Timothy, ewt 

22 0 

3 0 

4 <) 

0.5 

84 

11 C 


The data show that each fertilizer salt has increased the 
If the conception of one limiting factor operating 
at a time were strictly apidicable, one would not expect 
nitrate of soda to incn^ase the yield when aidd phosphate, 
as indicated by the effect of its use, was the limiting factor. 
Nitrate of soda may increase the solubility of soil phos¬ 
phorus. More probably the explanation of its effectiveness, 
even in the absence of acid phosphate, li(‘s in some more 
complex relationship which exists between the various min¬ 
eral factors which such a simple law does not explain. The 
stimulation of microbiological activiti(;s and the consequent 
production of greater amounts of available nitrogen and 
mineral nutrients merit consideration in this connection. 
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THE SOIL-PLANT-SOIL CYCLE 

It has been found that crop yields can usually be increased, 
even in humid climates, by the addition of irrigation water. 
It has also been shown that plants are able to utilizci carbon 
dioxide at a more rapid rate than it is supjdied from the 
ordinary atmosphere. In humid climates, however, there 
is a normal water and (carbon dioxide cycle whic^h is com¬ 
pleted in a relatively short lime. With those elements 
which are sc^cured by jdants from the soil the cycle of their 
return to the soil is much sIowct and in large part never (com¬ 
pleted, particularly in areas di'voted to cultivated crops. 
The pr^.bh'in in this ccasc' Iw'comes one of determining the 
rate at which tlu'scc (‘lements can continue to b(c supplied 
to successive cro])s from the soil. \\’hcr(‘ soil has been under 
(cultivation for sonu* years it is not uncommon, in fa(ct it is 
the rule, that additions of soluble nitrogen, phosphorus 
and potassium and also the us(‘ of basic (compounds of lime 
and magnesium will incncase the yi('ld. In some cases 
sulphur and in otlu'rs salts of iron have been appli(cd to 
good effect. 


THE PROBLEM OF SOIL MANAGEMENT 


In the management of his soil the int(‘lligent farmer not 
only attempts to regulat(‘ the rat(c at which the (Essential 
min(Tal elenanits and nitrogen are yielded up to the crop, but 
also endeavors to regiilate such factors as waiter, tempera¬ 


ture and soil n'action and to control certain lucgative factors 


such as diseases and ins('cts. 


To a limited extent it is also 


possible for him to control the supply of light and carbon 
dioxide. The problem is, then'fore, much larger than that 
of simply analyzing th(* i)lant. and n'turiiing the el(nn(mts 
to the soil in (juantities (corresponding to tlucir rate of 
removal. 
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CHAPTER III 


WATER REQUIREMENTS OF CROPS 

From 97 to 98 per cent of the corn crop when harvested 
and ail' dried at maturity is made up of oxygen, carbon 
and hydrogim in combined forms. Similar percentages of 
the other cereal crops and of the grasses are constituted by 
these tlir(H! elements. The carbon is derived almost entirely 
from carbon dioxide which finds its entrance into the plant 
by way of the stomatal openings in the leaves. The hydro¬ 
gen and ()xyg('n are secured largely from water which is taken 
up through the root systems of plants. As a result of 
photosynthetic process(‘s in the leaves, simple organic com¬ 
pounds are produc('d from these two substances which alone, 
or together with nitrogen and tlie mineral elements, are 
later synthesized into tlu' s(‘\’eral more or less complex 
organic compounds found in plants. 

WATER AS A LIMITING FACTOR 

The supply of (carbon dioxides available f('r plants is not 
to any large extent under the control of the farmer. Experi¬ 
mental tests indicate that by incr(‘asing the (ioncentration 
of th(' carbon dioxide in the atmosphere surrounding the 
])lant, both the rate of growth and th(' total amount of pro- 
du(;e can be increased. The application of this to practice 
is limited almost, entirc'ly to grcHUihousc' cropping. Water 
is of considerably greater imf)ortan(r(' than carbon dioxide 
in practice sinc(^ the opj)ortunities for controlling tli(‘ supply 
are abundant. Furthermore, a deficiency of available water 
is probably more often a limiting factor in crop growth than 
any other one thing. Johnson, writing in 1870, said: “ It 
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VVATE« HFXJUIREMENTS OF CHOPS 


is a well-rccognizcd faet that next to temperature the water 
supply is the most influential factor in the production of the 
crop.'’ After studying the relation bt'tween rainfall and 
com yields in the Middle West, Smith later showed that 
“ Jn a latitude and elevation fa\’orable for the pn)duction of 
crops precipitation has first place and temperature second.” 

RATE OF TRANSPIRATION OF WATER BY PLANTS 

Numerous studies have been made of the amount of 
water transpired by plants during their growing periods. 



Fig. 3.—“In a latiludf and Novation favoraMc for the production of crops 
precipitation has first pl.'ici* and temperature second” Maji from 
Vearliook of U. S. D A. for ItrJl. 


Among tlie more recent of tliest* irivestigtitions may be men¬ 
tioned those of Kisselbtich, in Nt'lu'aska, who studh^d in con¬ 
siderable d(‘tail the walt'r retiuirements of tin; corn i)lant. 
He found that tlu^ rate of trtinsj)iriition of water increased 
from week tf) week until th(‘ })l{int had developed its max¬ 
imum leaf area. During th(' liv(‘ wtH'ks following this stage 
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of growth fully half of tho total transpiration occurred. 
The actual amount of water given off varied from 230 to 
296 pounds for each pound of dry matter produced. Kissel- 
bach’s data would indicate that a 100-bushel com crop 
would require approximately 1300 tons of water, an amount 
sufficient to cover an acre to a depth of 11 inches. It is 
interesting to note that this is practically identical with the 
average total rainfall iti the Corn Belt for the three months, 
June, July and August. 

CORRELATION BETWEEN RAINFALL AND YIELD OF CORN 

Smith found that the .July rainfall was more important 
in the Corn B(‘lt. than that of any other month. C^oncerning 
the corn yields in Ohio he writes that “ between 2 and 6 
inches the yield increase's at an average rate; of 2.5 bushels 
per acre for each increase' of 1 inch of July rainfall.” If in 
addition the rainfall of June and August was considere'd, the 
acre production and iwecipitation curves for the^ 60-year 
period, lS54-lt)13, wc'rc' found to be very nearly parallel. 
This corrc'latioii betwc'C'ii rainfall and corn yield was found 
to obtain thr{)ughout the' Corn Bc'lt. 

The rcdationsliii) l)etwe*en rainfall and e*orn yield is also 
very nicely shown in the records available at the Woostc'r, 
Ohio, experimental fann. The corn, of which the acre 
yields are given below, was grown in rotc.tion with oats, 
wheat, clover and timothy. The soil was limed and rexic'ived 
a phosphatc'-])otash fertilize'!’. The oppejrtunity for a lack 
of watcT to become the limiting factor was therefore con- 
side^rably bettc'r than it would be under average conditions. 

The^ highe\sl averjige yields v c're produeted at an average 
rainfall of 11.6] ine*he's. The distribution of this rainfall 
within the thrc'C'-month pea’iod was of c'onsidc'rable impor¬ 
tance'. Thus the highc'st yield produe*ed in the 19 years was 
73.93 busheds pc'r acre in a year in which the rainfall was 
'4.82, 3.32 and 3.58 inches for June, July and .August re‘spe*e;t- 
ively, while only 47.43 bushels of grain were produced when 
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WATER REQUIREMENTS OF CROPS 


TABLE VT 

Relation between Rainfall and t\»KN Yields, Wooster, Ohio 
June, July niul AuRUst Rainfall—Limed and Fertilized Plots 


Number Yeims 
Included in 
Groui) 

Average T'otal 
Rainfall, 

1 nehcb 

Average Acre Yield 

Grain, Bu 

Stover, Cwt,. 

3 

() 9(i 

2b ()7 

IS 53 

4 


40 S‘2 

20 00 

4 


02 03 

2S 45 

4 


SI 

24 30 

4 

■H 

57 -IS 

i 

24 95 


the rainfall was 6.113, 1.23 and 5.00 iiiohes, respectively, for 
the same three months another year. 


THE CRITICAL POINT IN WATER SUPPLY IN IRRIGATION STUDIES 

Some idea of the relationship between wattT supply and 
crop yield may also be scoured by a consideration of irrigation 
investigations of Western United States. The point of great¬ 
est economic importance in tlu'se studies is that of determin¬ 
ing when to discontinue increfising the aiij^lication of water to 
any one acre and to begin enlarging the acreage under cul¬ 
tivation. Incidentally these studi(‘s show the criticral point 
with additional increments of wat(*r. The following data 
chosen from the work of Harris and Pittman in Utah are 
typical. The soil in this case was well manured so that a 
lack of mineral nutrients and nitrogen did not operate to 
limit the growth of the crop. 

The ojitimum quantity of irrigation water, as nearly as 
the test indicates, was 20 inches which, together with the 
2.65 inches rainfall, makes a total of 22.65 inches. Experi¬ 
ments with other crops showed similar firoduction curves, 
th(^ critical point varying with the crop. The explanation 
of the critical point will be considered later. 
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TABLE VII 

Yield of Corn with Varyino Amounts of Irrigation Water 
Six-Year Average Acre Yields—Utah 


Irrigsitioii WiiltT, 
Acrr Inchos 

( Irain, 

Bu. 

Stover, 

Cwl 

0* 

75.0 

7S 4 

r» 

01 4 

SO 7 

10 

02 5 

K5 0 

20 

00 1 

07 1 

;io 

05 7 

05 4 

-10 

00 0 

00 0 





* .Tuih‘, .July iin<I AiiKiist ruinriill iivoraKc totiil L’ri.-i iiictics AvjTiiKt' total yearly 
rainfall 17 12 nir-lios 

CROP DISTRIBUTION AS RELATED TO RAINFALL 

CdTisiderMble attention lias been givTn to the water 
requirements of the corn crop by reason of the very general 
imj)ortanc(‘ and distribution of this crop in the United States. 
Hie water recjjuireiiK'nts of otlier crops differ somewhat from 
those of corn, but within the area best suited to any crop 
water is likely t,o be a highly inijiortant limiting factor. As 
compared viih t('m])erature and other climatic factors tlie 
imjiortance of rainfall can be seen in the fa(^t that d(‘serts 
and populous agidcultural sections often extend at nearly 
right angles to the climatic^ zones. Passing westward in 
the United >Stat(*s from the humid to the arid sections there 
is a gradual (diange in tbe pnidominant type of natural vege¬ 
tation and of cultivated (Top. Thus as the available water 
supply Ik'coiiu's more limited, kaffir corn and milo maize 
take the place of corn. Under conditions in which the 
wet seasons are too short for wheat, barley may be substi¬ 
tuted. Finally the xerophytic^ plants such as cactus and 
sagebrush entii’ely take the place of the ordinary crop plants 
and the desert begins. 



24 


WATEH REQUIREMENTS OF CROPS 


AN ECOLOGICAL CLASSIFICATION BASED ON WATER 

RELATIONSHIPS 

Most of the crop phints and the more valuable forests 
belong to the ecological groui) known as the mesophytes, 
which occupy in their water relationships an intermediate 
position between the xerophytes and the hydrophytes. 
Typical inembtTs of the last-named group are found in 
such plants as water lilies. Of the hydrophytic plants of 
agricultural importance may be mentioned swamp rice and 
cranberri(\s. Thest* crops are growi) with gr('.iitest suc(;ess 
under conditions of wat(‘r supjdy which would ,J:)e fatal to 
the staple farm croi)s. Xerophytic plants are also found 
distributed through th(' humid rc'gions on roc^k surfaces or 
in lo(^ations when* th(‘ water holding capacity of the soil 
is very small. A good n'view of tlu' water relationships of 
plants is gi\Tn by Duggur. 

THE RAINFALL-EVAPORATION RATIO 

The air is in competition with th(‘ })lant for that wat(‘T 
'Which the soil retains in o])position to the pull of gravity. 
The rainfall-evaporation ratio is therefore' more imporUmt 
than the total rainfall. This ratio is found to varj^ from 
more than one in the typical forest C(‘nt('i-s of tlu' Atlantic 
se^aboard, the (lulf Coast and the (ireat Lakes region and 
from 0.0 to 0.8 in the natural prairie' sections e)f Iowa and 
Illinois, on de)wn le) the^ elc'sei’t whie'h may be* said to begin 
when the ratie) falls te) k>ss than 0.2. The quantity of 
water required for irrigalie)n j)urpe^)ses in the arid regie)ns is, 
therefore*, ne)t a re.'liable* giiiele to the amemnt e)f rainfall 
reejuireKl for e)ptimum gre)wth e)f the* same crop in humid 
climates. In the absence e)f e)i)pe)rt unity te) supply water by 
irrigation, the distribulie)n e)f cre)ps as bed we'eai semi-arid and 
humid climate's will be dett'rmine’el quite’! largely by the 
wate'r requirements of the croi)s aiiel the rainfall-evaporation 
ratio. 
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SOIL MANAGEMENT AS RELATED TO WATER CONTROL 

The farmer is abl(‘ to exercise some influence over the 
rate of evaporation of water from the soil. He cannot 
reduce the rate of transpiration of the crop, although Kissel- 
bach’s work showed that the amount of water rc^quired 
per pound of dry matter was very materially reduced with 
an increase in the productive capacity of the soil. Inhere is 
considerable opportunity to increase the amount of available 
water in the soil by proper nu’thods of soil management 
related to the control of wal(T secured from rainfall. Jk^yond 
these possibilities tliere is still a chance to select a crop 
adapted to the watei* relationships that obtain. When the 
cost of nijinaging th(' water supi)ly in the soil reaches a cer¬ 
tain point, in any given case, tluTc may be opportunity for 
choice betwe(‘n cro])s in which th(' oiu‘ best adapted to the 
soil without furtlKT (ixi)enditure to regulate th(‘ water supply 
may be selected. Ordinarily, the faruKir finds one of his 
most efl’e(?tive means of increasing yields to be some system 
of artificial drainage, which has for its primary purpose the 
control of the wat(‘r supply in the soil and which is effective 
as a means of preventing injury from drought as well as 
from excessive rainfall. 
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CHAPTER IV 


ORIGIN AND CLASSIFICATION OF SOILS 


Soil is the residue left behind in the disintegration and 
de(H)niposition of rocks, mixed witli varying amounts of 
plant and animal refus(\ If the procu'sses in operation 
are largely physical, as may be the case in arid regions, the 
soil will res(‘mble the parent rock quite closely both in 
its chemical and mineralogical composition, the differences 
being chiefly a matter of fineness of division. If, in addition, 
the ro(!k parti(des have been subjected to the solvent and 
lea(;hing action of water containing (jarbonic and other acids 
and various salts in solution, such as occurs in humid regions, 
the soil may become largely an accumulation of fiindy 
divided, relatively insoluble, miiKTal residues which b(‘ar little 
chemical or mineralogical n'st'inblance to the original ro(;ks. 
With the extension of the time clement during whicli the 
physi(^al and chemical processes continue to be in operation 
and the biological agencies become increasingly active, there 
is a tendency toward the production of a more or l(‘ss uniform 
soil product no matter what the original rock may have been. 


SIMILARITY OF COMPOSITION OF SOILS 

The tendency of mineral soils to be similar in chemical 
composition, irrespective of their source of origin, is very 
nicely shown in the following table the contents of which 
were chosen from Bennett’s comjtilation of soil analyses. 
Four series of soils arc repr(;sented, the original rocks from 
which the series were derived being granite, shale, sandstone 
and limestone, respectively. 
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TABLE VIII 

Similarity of Chiomical Composition of Soils * (Bennett) 


J^crivc'd from Widely Different Rocks 


Origiiiiil Bock 

(Jranitc 

Shale 

Saiulsione 

Limestone 

SiOs. 

(>() 19 

SO 00 

74 33 

79 35 

Al..f), . . 

17 11 

4 SO 

11 m 

8.89 

Ftvf ).) . 

7 43 

2 SO 

4 04 

4 44 

M^O. 

(1 31 

0 43 

0 00 

0 .39 

(’:iO. 

0 3(i 

0.71 

1.13 

0.63 

N;iA). 

0 10 

1 07 

1 7)3 

0 24 

KjO. 

0 C.2 

0 01 

1 r,7 


P-/)., . 

0 30 

0 07 

0 10 

mmm 

iSeri(;s . 

(Veil 

Chorokpo 

Penn 

Decatur 

''IVxt.iirc 

( 'hy 

Sill loam 

Sill loam 

Clav lojim 

Samido dcjith (in ) 

1 

0 0 

0 0 

U-0 

0-4 


* Tin- rHri(j:i- m >-iiiii]><>situiri i»f smls from iin.\ (i clii.sa of roi-ks is ofti-n Rri'jitor Ifian 
th:i< of soils drriwd from rlifTriciit cliissf.s of roi-ks. 


CHEMICAL COMPOSITION OF SEVERAL CLASSES OF ROCKS 

Coii.sidenit ion of tho iiveriige analyses of the several 
classes of rocks, as given by C^larke, indicates that the orig¬ 
inal rocks, from which the above soils wei’(* produced, must 
have varied considerably more in their chemical composition 
tlian did the soils which wen* d(Tived from them. Of these 
four classes the greatest variations are found betw een igne¬ 
ous rocks and limestones. In the formation of soil from 
the latt ei- class of rocks, all of the carbonat(*s may be eventu¬ 
ally leached away with the result that the soil is largely an 
acfmmulation of impurities. 

To a certain (*xt(‘nt what has been said concerning the 
similarity in chemical composition of mineral soils holds 
true also with regard to th(‘ir idiysical and biological compo¬ 
sition. All of the agencies acting on rocks to produce soils 
tend to effect a reduction in the sizes of the particles. All 
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TABLE IX 


PercentAGK Chemical Composition of Rocks (Clarke) 


Oxides 

Igneous 

Sluiles 

Siiiidstonos 

Limestones 

SiOo. 

m Ki 

as 10 

7S :i:i 

.5 19 

AhO;. . 

14 9S 

If) 10 

4 77 

0 81 

Fe-O;, . . 

2 (io 

4 02 

1 07 

0 .'>4 

FeO . 

Ki 

2 ir> 

1 0 :{() 


MpO .... 

SI 

2 41 

1 10 

7 SO 

CaO 

4 St 

:} 11 

') oO 

42 7)7 

NilaO 

2 ;t() 

1 :io 

0 l.'i 

0 ().'■> 

K-O . 

2 IM) 

:{ 21 

1 :u 

0 

COs ... 

0 IS 

2 o;i 

f) 

41 54 

P2O, . . . 

0 29 

0 17 

0 os 

0 04 

SO;, . . 


0 04 

0 07 

0 0.^) 


soils, thc'rcfore, are contiiiiially being; nMliieed to a finer state 
of division. These fine jiarticles of soil are distributed by 
wind and water and their biolojrical population is carried 
with them with the result that soils t.(aid also to have a com¬ 
mon microscopic flora. 

DIFFERENCES IN THE COMPOSITION OF SOILS 

Notwithstanding th(‘ tiaidency in the direction of uni¬ 
formity, the diffei'cnces in soils .at any given tiiiH* are many. 
Some of these an^ apfiarent to e\'en the casual observer. 
Others are brought to light only with more careful laboratory 
study. These; diffe'n'iicc's are physical, chemical and bio¬ 
logical. They are reflected in the adaptability of soils to 
various crops, oi- in their jiroductivity for some gi\'en (Top. 
It will bo recall(‘d, however, that crop growth and distribu¬ 
tion are d(‘t('rmin('d by the interaction of s(‘V('ral groups 
of factors of which the soil group is only oik'. These oth(;r 
factors not only affect tin; (!rop directly, but also indirectly 
in their influence on tlu' i)ro])(Tties of the soil. Th(;re is the 
furth(;r complication in the fact that soils vary within wide 
limits as to age, and all degrees of degradation of soil par- 
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tides will therefore be found depending upon the time 
factor. A good discussion of the factors involved in reducing 
rocks to soil is given by Merrill. 

SOIL SURVEYS 

Soil surveys have for tlu'ir purpose the classification of 
soils according to some scheme which will have an agricul¬ 
tural significances ''Hie more recent tendencies in survey 
methods are in the direction of conside'ring the soil as it 
now exists, the result of agemcie's of formation and the cli¬ 
matic conditions tx) which the soil material has been sub¬ 
jected. Coordinate with soil surv^eys are the geological 
and (^limatologie^al surveys which are under the dii*ection of 
separate gov(a’nmental ageaudes. 


CLASSIFICATION OF SOILS 


In the classification of soils by survey methods an attempt 
is made to arrange' them in groujis that have in common 
certain physical projierties which can be rather easily recog¬ 


nized and diffei ent iated in the field. 


Soils show considerable 


variation in the size and arrangeanent of their constituent 
particles and in the eador of the surface and of the several 
zones of the soil profile*. Certain very simple edieanieail tests 
arc usiible in the field by which the content of e^arbonates e)r 
the elegre^e of ae*ielity can be e'stimateel. The natural vege¬ 
tation is also moiv or le'ss of a refk'ctieni of the physical and 
ehemieail propertie's of the soil as tlie'y affe'ct the nature e)f 
the soil solutie)n ^ith \A}iie*h the re)e)is of plants are hi cein- 
tact in any gi\'en climatie* eaiviremnieait. 


The soil snrve'y worker ree*ognize*s tliat the e^xplanations eif 


the diffe'reaice's in soils note'd in the fie'lel eir dise'eivered in the 


laboratory are to be found in tlu* original rocks from which 
the soils w en* d('riv('d, tin* ])hysical, (diemical and biological 
agencies operating in tlu'ir formation and lo(;atioL, the cli¬ 
matic influenccis which have surrounded them and the length 
of time whitdi has elapsed since the soils becamt; located in 
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their present position. For this reason soils of widely dif¬ 
ferent origin are not grouped together even though they may 
bear a very close superficial resemblance to each other. 
The survey worker anticipates that important differences 
in the properties of such soils will subsequently be dis¬ 
covered by more elaborate laboratory tests. 

SOIL PROVINCES 

Three terms which early came into use in the classifica¬ 
tion of soils by the Bureau of Soils of the Ihiited States 
Department of Agriculture are province, series and type. 
Gradually these terms have come to ha\'e more* and more 
specific meanings so that they maj^ now be defined as fol¬ 
lows: 

Province refers to a large land area in which either the 
mode or the source of origin, or both, of th(^ soil have been 
quite similar tlmoughout. Thus the Glacial and Loessial 
Provincte of the Bureau of Soils includes th(‘ ('iitire land area 
in the United States o\'er which the glacial process(‘s were 
most important in the formation of th<' original soil. The 
loess soils are associated with the glacial soils by reason of 
the theory that these wind-blown deposits had their origin 
in glacial dust. The Limestone Valleys and Uplands 
Pro\dn(^e soils have a common source of origin in limestone 
rock. The word region is substitutt*d for province in those 
areas in which the survey has not b(‘en extended sufficiently 
to permit of classification according to any well-defined and 
common mode or source of origin. The (climatic factor is 
recognized in i)art as, for example, in the region known as the 
Arid Southwest. 


THE SOIL SERIES 

Series refers to a grouping of soils within a province all 
the units of which have in addition to a similar mode and 
source of origin, similarity in range as to depth, (olor and 
structure of the surface soil and of th(‘ s(‘V(‘ral horizons of 





Flo. 4.—‘*Provinee reien to a large land area in which either the mode or the w 
is substituted for jnovince in those areas in which the survey has not been 
mode or source of origin/’ Map from Buh 9d, Bureau of Soils, U. S. D. A. 
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the subsoil; in topography; in drainage; in content of car¬ 
bonates or in dc^gree of acidity. The name applied to the 
series is that of tin; location in which it was first recognized 
and mapped separately. The soils grouped under each 
series are limited to those which meet the specifications as 
finally agrc'ed ui)on by the sur^'ey workers. The Miami 
Series of the Bureau of Soils refers to a group of soils which 
w^as first definitely re(;r)gniz(‘d as such in the watershed of 
the CJreat Mhuiii River. Being in the Glacial and Locssial 
Province the mode of origin is defined in this case by the 
first part of th(' province name. The source of origin was 
largely the underlying limestone, mixed ^lith varying 
amounts of igneous material carried by the glacier from 
farther north. Th(^ soil is defined as being of a gray brown 
color with a mottled yellow and gray subsoil. The topog¬ 
raphy is given as gently rolling and the drainage as fair. 

Similarly, Dekalb ScTies r(‘fers to a grouj) of soils in the 
Appalachian Alouiitain and Plateau Province the members 
of which are of rc'sidual t)rigin; are derix ed from sand¬ 
stone and vsliale: have a yellowish-brown surface soil and a 
yellow subsoil which contains fragments of the parent rocks. 
The t()pograi)liy is defined as hilly and th(‘ drainage as very 


Vauiations in St»MK C'nAKAf’TKitisTK's OK I’oi ii Impoutant Soil. Sehies 


Soil 1 

Cllill•act^‘nsti(■^, 

1 

1 

1 

o 

1 

•t 

Mod*- of onttin 

(<l:iei:il 

(Ilaeial 

(ilaeiid 

Residual 

Source of orifriti 

LiinesloiU' 

1 

laiiieslone 

Sandstone 

Sandstone 



1 

and shale 

and shale 

('olor of soil 

(liny lirowii 

HljieU 

(hay l>ro\vn 

(iray brown 

('olor of sul)soil 

V*-llo\v !lU<i 

nine, fjrjiv 

X (‘How :ind 

lirown 

1 

fiiMy 

;iiid \elUuv 

^:r;iy 


li(‘2ietion 

Nol iieid 

Nol acid 

Aeid 

Acid 

'l'opo}inii)liy 

(ieiitly rolliun 

Level 

(Jently rollingi X'ery rolling 

l)r:iiu:i^e 

I'air 

Poor 

1 N 1 

I'air 

f lood 

Series iiiinu- 

1 

1 

Miami 

1 

(Myde 

Volusia 

Dekalb 
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good. This series was first recogiiizod and mapped sep- 
aratel 3 ’ in Dekalb County, Alabnnui. Recognition is given 
in the different series to other groups of (rhiiracteristics that 

are sufficientlv well defined and tlie soils of which cover 

« 

large enough areas to justify sejiarate classification. 

The variations in soils which are usetl as a basis for their 
classification into serk's is illustrated at the bot tom of page 31. 

It is evident that differences in color, in mode or source 
of origin, or in othcT resjx'cts, may be sufficient to warrant 
separation of soils into series. 


THE SOIL TYPE 

The unit of soil classification is the t\'pe. Tlie series are 
divided into t^jies In’ the Hurear of Soils on th(' basis of 
texture. Thus tlie ]\liami Serk's iiu’ludes Miami loam, 
Miami clay, ^Mianii siind and other tvjH's which represent 
various jierceiitage mixtures of tlu' diffi'ient sizi'd jiarticles 
of soil. Rj’ definition a total of at least 12 tyjies is possible 
in an.v series providing th(‘re is snffici^ait variation and range 
in texture in the soil iiK'luded in lh(‘ s(‘ri(‘s. although all the 
possible variations in ti'xture are s(‘ldom I'ealized in a given 
series. 


NATIONAL AND STATE SURVEYS 


Foj’tunatel\' in the T’nited States, the Ik'deral Rureau of 
Soils cooperating with tin* .>^(‘\eral state's has bei'n able' to 
standardize the nu'thfHls and nomenclature of soil classifi¬ 
cation. The unit of the soil siir\’e*v is the* countv. In some 
stales a preliminaiA’ reconnaissanci' Mir\'(*y has been made 
followed b^' more' de'taih'd countv siirvews. As would be 
expeet(‘d. the survey is nevc'r compk'te for the' re^ason that 
continued stud^’^ of the' problem make's re-survey^ on the 
basis of a Ix'tter unelea-staneling of the seal relationships 
desirable'. 


T'he seiil surv(*,v is eif [lartie'ular signifie*ance in the^ earlier 
stages of the; agrierulture eif any stat e eir natiem. As farming 
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becomes more intciivsifiod the soil is modified by the farmer 
to suit his needs. Original differences in soils sufficient to 
permit of their being classed in separate series may be 
almost entirely overcome. Thus the chemical composition 
of soils may be changed materially through the addition of 
fertilizers and the growth of clover. The soil reaction may 



Fig. —“The innn* rcponl fcndcTicics in survey methods are in the direction 
(if considering the soil ;is it now exists, tlie n'sult of agencies of formation 
and of the elimiifie eoiidilions to which tlu' soil has h(‘en subjected.” 
Map from Yearbook of 1'. S. D. A. for 11)21. 


be controlled through the use of sulphur and limestone. 
Certain physical pro])erties of soils can be masked by the 
use of tile or by increasing their content of organic matter. 
Even the clinuitic factors which indirectly affect the soil 
may be partially regulated by irrigation and drainage. 
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CHAPTER V 


CHEMICAL COMPOSITION OF SOILS 

The rocks from which soils arc formed differ funda¬ 
mentally in tJi('ii’ n)iiK‘]'alo^ical and therefore in their chem¬ 
ical com])osit ion. LiiiK'stonc may ho almost pui’o carbonate 
of calcium and maj^nesiuni. Clranite is com])osed largely 
of quartz, ort]io('las(‘, and ])lagioclase with smaller amounts 
of hornblende and mica. Oth(‘r types of rocks are differ¬ 
ently constituted. In the j)?’(>c(‘s,s of soil formation these 
minerals undergo d{‘com])ositiou, but at any given tune all 
stage's in tlu' ])rocf‘ss fi’oin the original undecompose'd mineral 
to tlie ultimate |)ro(lucts of decomposition may be found in 
the soil. It \\oul(l be* expected, tli(‘refore. that a iniiu'ralogical 
analysis of a soil would ju’ovide a clue' to the source' of origin 
of the particles in the soil. 


MINERALOGICAL ANALYSIS OF SOILS 


Xotwithstnnding the grent differences in mineral compo¬ 
sition of rocks it is rather surprising to find that most of 
lh(' common rock-forming miiu'i-als are rather generally 
ilisti’ibuted in soils. Tins is well shown in the work of 
Mc( auglu'y and \\'illiam, wh«) ('xamined ‘Jo samples of soil 
r('])resentiiig as many diffen'iit se'ries recognized by the 
Rureau of iSoils and found the' following mineral distribu¬ 
tion: 


O.t 
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I’AHij-: X 

The Distuibi^tion of JMixekai.s in Soils (MoCaitohey) 


Twenty-five* Soils Typi<*al of as Miuiy Scriiis 


1 

MiiicTftl 

Present 

Abundant 

Oxides (Vuitained 

Quart z 

Uo 


Si 

HonibleucU* 

•j:{ 

12 

(’a-Mp Fi-Si 

OrthocUiso . 1 

20 

f • 

K Al-Si 

Microdino.. .. 

20 

10 

K Al Si 

Epidotp 

24 

1 s 1 

(’a-Al Si 

Hiotite 

21 

' i 

K Mp-l'VAl Si-H 

Muscovitp 

20 

(i ' 

K APSi II 

Zircon 


1 

Zr Si 

Chlorite 

21 

2 

Mf- IVAl Si li 

Tourniiilinc 

21 

1 

N.i AI H-Si-H 

Kutih* 

17 

0 

Ti 

Plafjioclusc 



Xa-Ca-Al Si 

Ajiatitc 

1-’ ; 

1 

0 

1 

('a-P-(I< (t) 


EFFECT OF WEATHERING ON SOILS 


In the pro(‘ess(‘s of \veatli(*rinp; and leaching in humid 
climates, the solulile comiiounds tire removt^d in th(‘ drainagt; 
water while reltitively insoliilile ri‘sidues accumulate to form 
soil. Thus a soil of limestone origin mtiy contain no car¬ 
bonates. A soil of sandstone origin may differ very little 
in chemical composition from that of the origintil rock. A 
soil of granitic origin tends to lose its bas(‘s in the form of 
carVxmates. As a result, silicon, tiluminum and iron, in the 
form of oxid(‘s or hydrated silicatt's with n^ltitively small per¬ 
centages of the basic elements etdeium, magiK'sium, sodium, 
and potassium, t(uid to constitute the major portion of the 
soil. IIoweviT, no two soils are eviT exactly alike in their 
chemical composition, siiici* tlieir rock and mineral origin 
and the combinations of forces ojierating in their formation 
and alteration, including the clement of time, axe never 
identical. 
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CHEMICAL ANALYSES OF SOILS 

Some idea of the variation in chemical composition of 
soils may be secured by a study of the analyses of 126 sam¬ 
ples of soil subjected to (chemical examination by Ames and 
Gaither. These samples were selected from as many dif¬ 
ferent points in Ohio and represent considerable variation 
as to mode and source of origin. Some of them are glaciated 
and others non-glaciated. Some are derived from mixed 
igneous and sedimentary ro(!k while others have been derived 
largely from limestone or from sandstone and shale. The 
following table shows the highest and lowest quantities of 
each element found in these analyses; 

TAliLE XI 

VAmATKix i\ f'nrMicAi. Composition op 12(» Ohio Soils CAArKs) 
of J’]k‘inonts ))(t Two Million of Surface Soil 


Klciiicnl 

1 

Maximuin 

1 Minimum 

( 

Silicon 

7S7,()0e 

500,000 

Aliiininiuin 

l.S4.()()() 

45,000 

Iron . 

S‘).400 

21,000 

Calcium 

l:V2,(K)() 

3,.500 

l’otas.siuni 

.Vi.SOO 

22,000 

Mauncsuim 


5,240 

Nitri*ncn 

Kl.GU) 

1,348 

Plios|)liorus 

(».(KK) 

,500 

Sulphur .. 

I 

l.(KK) 

400 


Miii'kv iinil ix'.its fr I irihic 


The amounts of silicon, nhiminium, iron and potassium 
are relativ(‘ly high in both columns. The elements sulphur, 
phosphorus, nitrogen, calcium and magnesium are present 
in only very small percentage's in the second column. Keep¬ 
ing in mind the chemical reeiuirements of plants as indicated 
by their analyses, it would seem logical to expect that the 
latter group comprises those elements which arc most likely 
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to be })resent in too sjiuill ninouiils in nv’iiiliible forms, in 
poorly nuiiiaj!;e(l soils, to sjitisfy the re(iuireinents of rapidly 
growing cro])s. 

SOME EXCEPTIONAL SOILS CHEMICALLY 

Certain soils have been found which are exceptional in 
their chemical composition. Ileacli sands, for example, have 
been shown to cont.ain as much as hS ju'r cent and more of 
silica, which limit^ the amounts of other soil coinjxmnds to 
very small percentages, The ])lH)sphorus co7itent of the 
soils of the 'rrentoii area in Kentucky are re])ort(‘d by 
Averitt to average IMOO j)ounds ])er two million ixninds of 
soil. In no case was th(' amount ])resent h'ss than ‘2()()0 
pounds and in certain c/iscs tht‘ :miount found was as high as 
23.000 ])ounds per two million of soil, 'khe sul])hur contcait. 
of certain Oregon soils has been r(‘])ort(‘d to be as low as 
O-Ob") per cent, \dj-gin soils of lim(‘ston<‘ oiigin arc* frc'- 
quenlly found to contain suflicienl ealcium cai’bonatc' to 
effervc'sce coi)iously on the addition of hydrochloric acid. 
Some unpro(lucti\'e black soils rejxatc'd by (‘onn(‘r and 
Abbott were found to have* a nitj'ogen content of nearly 
4 peu’ cent and a potassium content of only O.lti per cent. A 
good revic'w of our knowledge* (»f iIk* eh(“mic;il com])osition 
of soils trom various sourc(*s i" gj\'(*n by Hopkins. 

CHEMICAL COMPOSITION OF SUBSOILS 

While analys(*s of soils are commonly ]'e))ortc*d in t(*rms 
of the* iiumlx*!' of ])ounds of each eleipc'ul in tw(» millirni 
pemnds of surface soil, an amount suppos(*d tf) r(*|)r(*s('nt 
the ])low de))th of an acre of soil, it is a well-known fact that 
the subsoil contains additional amounts of thc'se same eh*- 
ments which may be* of use* tf) plants. In g(*n(*ral it may be* 
said that the nitrog(*ii, })hos))horus, and sul])hur a?‘e con- 
(■(‘iitrated in tin* surface* soil. I\)tassium, iron and .‘ilu- 
minium arci more* abundant usually in the subs<»il. Wh(*r(^ 
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AV1:KA6E OHIO 50li>\ 


7 lb:, O* .dt / THE AMOUNT ON VWICH \t » Manganese Oxide 



9S Ibft Aluminum 



20 lb*. Water 


AHHXOF CORN FEEDS_, _ 

/ ' / CONTAINS ^ Magnesia. 


/ / , 


i; ■, 1 \\ 


! i 1 


\\\\ 

I \ \ \ N23 lb* Iron 


23 lbs. Organic Matter 


750 !bs 57 11 ica 

“I'lu'iiiK’.iI i-»)iili'iil (if ;i 1000 i)()niul> of :iV('r;ii'(’ Ohio soi!.” 


J' K.. (i 
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soils are of limestone origin, it is quite common to find that 
the surface soil is acid while the subsoil contains an abun¬ 
dance of carbonates. 


RARE ELEMENTS IN SOILS 

Robinson has reported that soils contain varying amounts 
of inanganes(', titanium, chromium, vanadium, zirconium, 
molybdenum, nickel, cobalt, barium, strontium, lithium, 
rubidium and often trac(‘s of t)tlier eh'ments, depending upon 
their origin. Of these, manganese is the oiilj’ one which has 
been credited with any function in plants, but its status in 
this connection is not well established. These elements may 
be disregarded until such time as additional evidence may 
be presented which would make any of them appear to have 
a positive effect on plants. 


METHODS OF CHEMICAL ANALYSIS OF SOILS 

Chemical analysis of a soil for total contents of the 
several constituent elements is of little value as a guide to 
its immediate producti\’e cajjacity. The early recognition 
of this fact led chemists to attempt to determine the amounts 
of the essential elements which were i)r(‘sent in available 
forms. In doing this, use was made of dilute solutions of 
citric, oxalic, nitric and carbonic aci<ls as soil solvents. 
Later the American .Vssociation of Official Agricultural 
Chemists adopted hydrochloric acid of sp. gr. l.llo as the 
standard soil solvent by the use of which it was hoj)od to 
effect a separation of that part of the total supply of essen¬ 
tial elements which might be assumed tt) have a value for 
plant use, with good soil management, in any reasonable 
length of time. 

Most of these methods of (‘xtractioii have becai of value 
in a comparative way wlaai emi)loy(‘d by ch(*n)ists in the 
study of series of soils. Used in connection witli field 
observations and gre(‘nhous(' or plot studi(\s th(‘y have pro¬ 
vided reliable clues to soil deficiencies. Unfortunately so 
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many different methods, or modifications of the same 
method, have been employed that thc^ student of soils finds it 
diifficult to correlate the data now available. Furthermore 
there has arisen considerable doubt as to whether there was 
anything to be p:ained for practituil purposes by choosing 
an empirical method of extraction with some arbitrary 
solv’^ent ov()r the absolute method of analysis originally 
employed. 

INTERPRETATION OF CHEMICAL ANALYSES OF SOILS 

The chemist who adopts the absolute method of analysis 
recognizes that a (tonsiderabh' ])erceiitage of the total amount 
of each essential (element is only very slowly soluble. How¬ 
ever, it s(‘ems reasonable to believe that if one soil contains 
twice as much potassium as another soil of the same physical 
characteristics, the first can be made to yield up more of 
this eh'inent to the plant than th(‘ second by the same system 
of maiuigemeiit, although not necessarily in the ratio of 
two to on(‘. If the contcait of i)hosphorus is extremely low 
as compared to tin* a\'(Tage soil, it is likely to be more eco¬ 
nomical to add this (‘lenient in comiiK'rcial form than to 
attempt to make a suflicii'iit amount available from that in 
the soil. Similarly studi(‘s of the total content of nitrogen 
and of the total carbonate's pieseiit, or ivciuired to bring 
the soil reaction to the lunitral point, are of very definite 
valiu' in rc'aching a conclusion as to the practices to be fol- 
low(*d in imjmiving the croji-producing caj)acity of the soil. 

SOIL ANALYSES AS A GUIDE TO PRACTICE 

If the analvsis of a soil is to be of aiiv considerable value 

•. ■ 

as a guide to practice, the samjde must be chof^eii under the 
direction of sonu'one who a})])reciates the limitations of the 
(juantitative nu'thod of study. Soils vary in their clnunical 
composition from point to point in the siime fit?M. Their 
composition cluingc's with d('])th. (^uite often the subsoil 
is well supjilied with carbonate of lime which may be entirely 
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absent from the surface soil. For this reason a sample for 
examination should be chosen to some standard depth and 
in such a manner as to b(' representative of the area sampled. 
By reason of the larjiie amount of analytical work \vhi(!h 
has been done and th(' systematic classification of soils by 
the survey method, it is possible for the man who is familiar 
with the data available on the su])ject, if he knows tlie loca¬ 
tion of the farm from which the sample was selected, to 
judge the (juality aiul anticipate the needs of the soil from a 
more or Ic.^s siijxTfieial examination. Ordinaril}- the acidity 
test, the color, the feel of the soil between tlie tJiumb and the 
fing('r. and a kmnvh'dgc' of th(* cro]) or cro})s to be grown 
constitute a rplial)le guide to the system of soil management 
which will meet the retiuirements h»r larger yields. 
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SOME BIOLOGICAL PROCESSES IN SOILS 


Early in the study of soil science it. was found that 
organic matter ^^•as an esj)ecially important constituent in 
soils and that th(‘ir productivity was mor(‘ or less directly 
related to the amount of this material in them. Later it 
was discovered that this organic matter served as a source 
of food for growth and eiuTgy of large numbers of micro- 
sco])ic organisms which inhabited the soil. Still later it 
was found that c(Ttain groups of these organisms had spe¬ 
cial functions to perform whi(‘h made them directly essen¬ 
tial to the growth and well being of higher plants. Inv('s- 
tigators succ(‘(‘ded in isolating members of these* groups of 
organisms, studying them in ]nire cultures and determining 
rath(‘r definitely tiu’ir s])(‘cific reajuireinents. Finally, the 
<‘on(‘lusion vas reached that a systematic classification of 
soil organisms was (h'sirable if it could be accom})lished. 

BIOLOGICAL ANALYSIS OF SOILS 
IVliininarv to anv systematic classification of soil 

& • ft 

organisjus it has be(‘n necessary to study various kinds and 
([iialities of media in ord(‘r to determine which one or ones 
are best suited to i)uri)oses of isolation of organisms from the 
soil. Investigatiem has shown that no medium can be 
s(‘lected which will meet the n^juirements of all the species 
of organisms which inhabit the soil. CConsequently the 
medium ordinarily used is oiu* which will yield tin* largest 
number of coloni(‘s on a ba.cterial plate i)er unit of soil. 
The medium suggested by (^01111 for this jnirpose is made 
ui) as follows: 

4:j 
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Mkuium Koii liAn'KKiAL C\)rNTs IN Soibs (Conn) 


Dislillcil watiT. 1000 r.c su1|>1ki<('. . .. 0 2 gr 

Apiir uniir 12 fjr. C\ilt’hiiii cliloridi' . 0 1 j^r. 

Sodhiiii nspamninah' 1 pr. Polassiuiii diloridi*. . . 0 1 pr. 

Dextrose 1 pr I'erric chloride . . 'J'raee 


The method employed for iilatiiig; the organisms in the 
soil for jnirposes of study is somewhat as follows: A known 
weight of soil, tisiuilly 25 grams, is placed in a large flask 
containing 500 cubic centimeters or some other known quan¬ 
tity of sterile watt'r. After thorough shaking, an aliquot of 
perhaps 25 cubic centimeters is removtul and jilaced in a 
second flask containing the same amount of water as the 
first. The process is continued through several flasks until 
sufficient dilution of the soil and its associated organisms has 
been reached so that 1 cubic centimeter of the suspension, 
mixed with liejuid agar or gi'latin and spn'ad over a Petri 
dish will show, after a ])(Tiod of incubation, a development of 
from 25 to 75 colonies each of which is assumed to have been 
the product of a single organism. 

By such a method of counting it has been shown that the 
normal soil contains from oiu* to ten million living organisms 
per gram in addition to those, some of them known and 
others unknown, which require for isolation the us(‘ of 
selective jnedia suited to th(‘ir special lu^eds or which must 
be incubated under anaerobic conditions. Thus the ordi¬ 
nary counts of soil organisms do not includ(' th(‘ nodule bac¬ 
teria of leguiiK's, th(‘ non-syinbiotic nitrogen fixing organisms, 
the nitrite and nitrati* formers, the fungi, nor any of the 
anaerobes. C'onn has suggest(‘d a preliminary classification 
of the organisms isolatt'd by the aliove method as follows: 


C’i.ASSii'i('\Ti<).N oy TiiK Soil Eloha - -('’on.n 
C li'latiii Iin)ciila1cd with Soil 

Ai’foluc Inculiatioii 

I Fnini to 10 por (‘put si>orp fonnPi>. li .subliii.'' pnmp 
II I'lidpr 10 por cpiil <'lior1 rods with polar flapclla; Ps fliioroHcpn.s prou]) 
III J'roin -10 to T.") i>pi ci-iit iioii-sfiorc forininp short rods 
I\' A few inicroi'opci 
V. From 12 to oO ]»cr cent. actiiujiiiyccteB. 
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CLASSIFICATION ACCORDING TO FUNCTIONS 

Liebig, in 1840, was of the opinion that the nitro¬ 
gen of plants came from the air in the form of ammonia. 
While that in the plant residues in the soil was thought 
to be of use to the plant after its liberation as ammonia 
in the process of decay, resulting from the ac-tivdtics of soil 
organisms, the supi)lemental source of nitrogen to take 
the place of that rem()\Td in crops, or lost from the 
soil by other iiKuiiis, was tliought to b(‘ the ammonia dis¬ 
solved in the rainwah'r and brought back to the soil by this 
means. It was later shown bj" Lawes and (lilbert that the 
total (juantity of nitrogcMi in combined forms in the rainfall 
at Rothamsted averaged only from 3 to 5 pounds yearly 
per acr(‘, an amount (‘iitirely too small to compensate for the 
losses in crops and drainage. 

It was finally shown that the nitrogen of all [ilants, with 
the exception of h'gumes, is secured from the organic residues 
ill till' soil and is mad(‘ available through the action of decay 
organisms. More detaileil stuily revi'aled the fact that at 
least three separate' grouj^s of organisms are conce'rned with 
lh(' change of nitroge'ii from the* ])rotein to a final nitrate 
form. One group has to do with the iirodiiction of ammonia, 
a second, nitrous acid and a tliird, nitrates. The con¬ 
clusion was also n'ached that most crop plants reeiuire their 
nitrogen in the nitrate form, so that the process of nitrifica¬ 
tion has to be completed before the nitrogen is usable to 
them 


THE REQUIREMENTS FOR NITRIFICATION 

A considerable number of factors were found to be 
involved in determining the rate at which nitrogen in the 
form of organic residues in the soil will be changeil to nitrates. 
The recentness of origin of tlu' organic matter, its ratio of 
carbon to nitrogc'n, the temperature, water content and 
reaction of tlu' soil are some of the most imjiortant. The 
average soil (aintains approximately llotH) pounds of nitro- 
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gen per acre to plow depth. A 100-bushel (‘orn crop requires 
not to exceed loO pounds in the nitrates ft)rm. Yet it is 
seldom, if ever, j)ossible to produc(‘ this much corn per acre 
unless the nilrog('ii of tlu' soil lias been supi)lemented b}'^ 
manure or carriers of soluble nitrogen in commercial form. 


Until the first stej) in the 



roc(‘ss of nitrification has been 
accomplislu'd, viz.: the pro¬ 
duction of ammonia, the other 
st('})s do not take jdace. Aj)- 
])arently the organic residue's 
which accumulate in the soil 
ar(‘ such as do not I’cadily 
decay and their Jiitrogen is 
changed to ammonia f)nly veay 
slowly. On the other hand, 
when manure or clover n'sidues 
are ])1o\\(m1 under a consitler- 
able ])ortion of this organic 
nitrogen is changed to am¬ 
monia in a relatively short 
time and the nitrification 
j)roc(‘ss go(*s on to comple¬ 
tion. 

NITROGEN FIXATION BY LEGUME 
ORGANISMS 



nitrogen in llic soil, lcKiinH*.s an- 
fo .M-fiiic .sulliciciit of tlii^clc- 


inoiil froiii the .-ur fo 

all of tlion rciniiiciMciit'- tliroui!;}i 

tin* aid of tlif' li.iclcna in tin- 


iiodiilfs on llicir 


It was early recognized that 
if th(' nitrogen in th(‘ organic 
residues in the soil was sup- 
])leme]iteil only by that which 
came down in combiiK'd form 
in the rainfall, th<* continu(‘d 
renioxal of crops would soon 
riisult in th(' exhaustion of this 


element from the soil. The good (dlV'cts of h'gumes on the 
other crops in the rotation had long been known. The 
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presence of nodules on their roots was also known and some 
study had been mad(‘ of ttunr nature and content. Attempts 
were made to determine whether the quantity of nitrogen 
in the soil was increased by growing legumes. The early 
experiments of Lawes and (Gilbert as well as those of other 
workers were unsuccessful since, in an attempt to secure 
greater a(‘curacy, the soil was ignited to dri\'e off all traces 
of nitrogen which incidentally also destroyed all the soil 
bacteria. In ISSO, Ihdlriegel and Wilfarth finally proved 
that th(* nitrogen of leguni(‘s may be secured from the air 
j)rovid(‘d the necessary nodule bacteria are present in the 
soil, d’ho following table shows tlu' n'sults of one of their 
ex[)eriments in which lupins were grown in nitrogen-free 
sand in ])ots, j)art of which were wat(Ted with distilled water 
and the remaining on(*s with a solution secured by (‘xtracting 
with water a soil on which lupins had preydously been grown 
successfully: 


TABLE XII 

NiTiaxMA Fixation vmtii Li in Nituookn-fhek Sand 
<)iu‘ of 1 Iclli:in(l t\ ilf;irtli‘.'> ExiMTinicnts 


Pot. No. 

1 

Pry tVcijihl of ; 

]Aii)ins, ( 

1 

, 1 

; Nitrogen C'onieiii, | 
(iraiiis ' 

Treatment 


•n 7:> 

1 000 

Soil s(tlutioii 

4 

•to (Vi 

1 loti 

1 4 i 4 • 

5 

■41 (iS 

1 10-1 

* 4 i ( 

() 

42 If) 

1 ;j:;7 

4 4 4 i 

9 

0 *):; 

0 01 1 

l)isliil(‘(i water 

10 

0 so 

0 oi:t 

1 

11 

0 02 

0 oi:*. 

i . . 

1 

12 

1 02 

0 oi:i 

1 

It 4 1 


The only i)()ssibl(‘ sourci' of the nitrogen in the plants 
grown in these experiments was the air. A considerable 
amount of data is now available which shows that in the 
absence of combiiKul nitrogen in the soil, legumes arc able 
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to secure wsufficient of this element from the soil air to satisfy 
all of their requirements tlirough the aid of the bacteria 
in the nodules on their roots. The soil requirements of the 
nodule orgjuiisms an' appan'iitly (]uite similar to those of 
the legumes with which the\' are associated. 


NON-SYMBIOTIC NITROGEN FIXATION 

In addition to the nodule bacteria. Bacillus radicicola, 
there are at least two other gi'oups of nitrogcm-fixing 
bacteria which inhabit the soil. Tlie latter gi-oujis are 
not associated with croj) plants but function indc'pen- 
dently of them in the soil. Thi' most important of these 
has been given the geiu'ric name of Azotobacter, of which 
a number of s})ecies hav(' bei'n identified. These bac¬ 
teria have been found to be rather geiKTally distributed 
in soils. Under suitable conditions of growth in the soil it 
has been show'ii that as mu(‘h as 200 jMumds of nitrogen 
per two million ])ounds of soil may be accumulated by 
them from atmos])lieric sources in three wt'C'ks’ thne. 
Optimum conditions for th(' fixation of nitrog('n include the 
presence of a(le(iuat{‘ amounts of available carbohydrate's, 
available phosphates, carbonate e)f lime and good aeration. 

Another group of iion-symbiotic nitrogen-fixing organisms 
w’hich ap])ears to b(' a varie'ty of the coninu)n anaerobic 
butyric acid bacillus, although usually considered as a sej)- 
arate specie's, has be'cn given tlie six'cie's name' of Ulostrieliinn 
past(-)rianum. These* bae*te'ria are able to ace*umulate' atmos¬ 
pheric nitre)gon unde'r anae*robic conditiojis. They alse) 
seem to thrive in fairly acid solutions and are believe'd to 
I)lay a re'latively more* prominent part in nitre)g('n fixatie)n 
in acid soils than eh) the Azotohacte'r. 

It is apparent, tlierefore*, that the* fi.xation f)f atmo.s])he'ric 
nitre)gem take*s ])lace* in soils e*ven in the* abse'ne*e e)f h'gumes. 
\\hile the nodule bae*leria are f)erhaps nK)re etlie*i('nt than 
the non-symbiotic groups they df) not fune*tie)n te) any ce)n- 
siderable extent excej)! as a legume cre^p is beniig grejwui. The 
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non-symbiotic bacteria, on the other hand, are believed to 
be more or less continuously at work in their capacity as 
nitrogen-fixing agents, assuming suitable conditions in the 
soil. Some interesting data on nitrogcui accumulation in 
soils, under conditions in whi(;hit would appear that most of 
it must have been accomplished through the agencies of 
non-symbiotic groups of bacteria, are given by Hall. In this 
investigation a study was made of the increase in the nitrogen 
content of the soil in two plots of land at Rothamsted W’hich 
were allowed to run wild for a period of tweiit}’’ years. Sam¬ 
ples of soil were s(*lected from these plots in 1881-3 and 
again in 1904 with tlu^ following analytic^al results: 

TARLK Xlll 

NlTiaXJKN Acri Ml LATION IN »S()H.S OF U.NDISTT’KHKD AkKAS CIIaLL) 
I’ouiids per A<tc‘ at t'jiriou.s Doptlis 


Fu 1(1 

! issi s:i 

, j 

1904 

I 

Gain 

Hr(Ki(ll):»lk ■ * 




First 9 iiiclics . . 

. 25 1 

:{t)2() 

99(1 

Si‘c<ni(l a niches 

; IS9S 

2r.79 

(ISl 

'^riiinl i) inches 

. . i:)()9 

1 22(1.7 

()9(i 

(iccscrnfl: f 

‘ 

1 

1 


First 9 inches . 

. 1 2219 


(US 

Sccdinl t> inches 

. ! ll>9r» 

22;{S 

2 hi 

■Phinl 9 inches 

. i 1912 

1 

' 1 

17(10 

1 1 

14S 

* LcRunirs 
t I.CK'IXX'N 

2.'i :tl per rcnl of \fKi't:ition iii 
0 4;t per cent of venelalion in 

1 I'UM 

1 1001 



The nitrogen accumulation in the Oeescroft field occurred 
in the almost entire absence of wild legumes. The con¬ 
clusion was drawn by Hall that non-symbiotic fixation was 
responsible for most of the gain in nitrogen in this case. 

NITRIFICATION OF LEGUME RESIDUES 

The nitrogen secured from the air, by the nodule 
bacteria, is not available to tli(‘ noii-leguminous crops 
until it has undergone the process of nitrification. The 
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value of the lep^iime crop io tlie following erops is dotcr- 
niiiied by the amount of liiglily nitrogenous residue left 
behind in its roots and stubble, or returned in the manun* 
produced by feeding it. and the rati‘ at which this nitrogen 
can be changed to th(' nitiate form. Lyon has shown that 
th(' good effects of the clover crop on the following crop maj' 
be explained by the more raj)j(l rate of nitrific^ation of (;lov'er 
residue's, as well as on the basis of the increased amount of 
nitrogen stored in the soil as a re'sult of the growth of the 
legume' cro]). In fae*t it is re'asemable to suj)j)e)se that if the 
clover se'cured any e*e)nsielc'i‘able j>ai’t of its nitj-e)ge'n from the 
soil, the increase of this e*le'me'nt in the soil re'sulting from its 
growth must be epiite' limitf'd. sine*(' a large part e)f the total 
nitrogen containc'el in the clover is rcJiioved from the fielej 
ill the harvested creip. 


DECOMPOSITION OF SOIL ORGANIC MATTER 

The e'k'me'iit nitrogen is of sue*h im]K)rtane*e in soil 
ecoiieimy that it me'rits sjiecial consideration, llowe'ver, 
nitroge'ii is only one' of the e*onMitue*nt e‘le*me'nts containe'd 
in ])lant re'sidiu's. The' othe'r e'h'ments are similarly re'le'ase'el 
from organic e'ombinations in the form of oxidation jiroelue'ts. 
Chief among these is e.'iilxni. the' e-e'uirai e'le'ment in all 
eirganic matte'r. In the' ])roe*e'^^ e^f ele'comjio.sition of jirote'ins, 
stare‘he>. ^ugars anel ee'llulose* in soiI>, the carbon is finally 
liberate'el into the atmo>])he'i’e'. large*ly as caiboii elie)xiele', in 
which form it is again use'fiil to the' plant in the' e'on.'^ti'ue'tion 
of new mate'rial. A large* nunibe*r of inte'rme'diate' jireielue'ts 
are fea-me'd of which the variou> amino acids anel the'acids 
and alcohe)ls eef the' fatty ae'id serie's ni'iy be' me'iitione'd. At 
any gi\en time' a ce'rtain pe»rti(ni eif the; eirganie- matter in 
seals is in emly a jiartially oxidize'el state. This material, 
whem its origin can lU) longf'j- be* ele'te'rmine'd, is usually speike'ii 
e)f collective'ly as “humu,".” In the abse'iice* of cultivation 
these humus e*ompounds te'iid t(> ae'cumulate' so that virgin 
soils are; u.Mially we'l! supplie'el with tiie'in. Whe'iie've'r sue-h 
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soils are fanned the rate of destruction of the humus is 
increased and the carbon and other elements are more 
rapidly liberat'd in the form of their final oxidation products. 

AEROBIC AND ANAEROBIC DECOMPOSITION 

The soil bacteria comprise aerobic, anaerobic and facul¬ 
tative grou])s which are associates! \^'ith each other in their 
jictivities. The aerobes najuire free oxygen for their life 
processes while th(‘ anaerobes secure this eleiiK'nt from sugar 
ami otluT comixmnds ricli in combined oxygen. In the 
manure pile anaen)bic conditions are maintained by prefer¬ 
ence since otherwise the rate of oxidation becomes too rapid 
and “fin^ fanging” occurs. In the soil, conditions are more 
largely a(*robic and com])lete oxidation is slowly effected. 
The final (lecom))osition i)roducts are water, carbon dioxide, 
nitrates and oth(‘r compounds in a similar state of oxidation. 
However, tlu* |)roc(\ss{'s by whi(‘h this final n'sult is accom¬ 
plished are by no nK'.ans simple, both aerobic and anaerobic 
bacteria b(‘ing involv(‘d. If for any reason the conditions 
in the soil ])e(‘ome veay unfavorable for aerobic bacteria, 
such oxidation jmxlucts as nitrates and sulphates may be 
r(‘duc(‘d with the formation of fre(‘ nitrogen and sulphides 
r('s]X‘ctiv('ly. Thi> may (K*cur if the soil remains filled with 
wa((‘r for any considerabh* length of time or following heavy 
applications of manure, straw or green manures. 


OTHER EFFECTS OF BACTERIAL ACTION IN SOILS 

Not only nitrog(‘n and carbon, but also the mineral ele- 
nxaits contaimxl in the organic residiK's in the soil, will be 
lilxTated for cro]) use in the process i)f decay. The amounts 
of these mineral (‘h'ments thus mad(‘ available, compared 
to th('amount of nitrate* nitrogen imxluced, wull be imwe or 
less in proportion to the ratios of these elements to nitrogen 
in the organic juatter. As the organic matt(*r is decompostxl. 
ajy' (;x('ess of acid ov’cr base may have oi)portunity to act 
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on the previously undissolved soil minerals with the eonse- 
(lucnt liberation of additional amounts of th(' s(*veral nutri¬ 
ent mineral elements. Hopkins and Whiting calculated 
that, if all of the nitrogen needed for the growth of a 100- 
busiiel corn crop acted on phosphate rock while in the acid 
form, enough phos})horus would be dissolved to satisfy the 
requirements of seven such croi)s. Undout)t(*dly sucih acids 
will react for the most part with silicates and limestone and 
as a result potassium, calcium and magnesium as well as 
phosphorus will be changed to soluble forms. 

SOIL CONDITIONS FAVORING DESIRABLE BACTERIAL PROCESSES 

In general, the conditions in the soil are favorable for 
most desirable bacterial activities when the soil solution 
approach(‘s the neutral j)oint, when it contains an adequate 
supply of mineral nutrients, when the soil is fairly well suf)- 
pli(*d with fresh crop residues, jiarticularly of the leguminous 
type, or with well-d('composed manure and the tilth and 
drainage of the soil are such as tt) provide aeration. In 
addition there are certain temperature and moisture recpiire- 
ments to be met. However, no matter what th(‘ conditions 
in the soil ma}’ be, bacterial activities continue'. For example, 
denitrification may occur if the soil is saturated with water. 
It is for this reason that sul]diat(' of ammonia is substituted 
for nitrate of soda as a fertilizer for jiaddy rice. If the soil 
becomes acid in reaction the production of ammonia may be 
accomplished mon* larg(‘ly by molds and nitrate production 
may be reduced practically to nil. Xhidc'r such conditions 
leguiiK's and their associate'd nodule organisms cease to 
thrive and Azotobacter may no longer be active. On the 
other hand such conditicnis apijarently fa^’or (Xostridium 
pastorianum through the agency of which nitrogen fixation 
continues. Usually those* soil practice's which are known 
to favor the growth of the more desirable* crops eran also be 
expected to influence favorabI> most eif the bae*teria in the^ 
soil which have fune'tions to perfejnn in ceninection with 
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making the mineral elements and nitrogen in the soil avail¬ 
able for these crops. 
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SOME PHYSICAL PROPERTIES OF SOILS 


Tiik physical j)roporlios of soils are (lotonnii)(‘(l larpjely 
by the size and arrangciiient of t lu'ir const it iient i)articles. J t 
is, tlierefore. a matter of considerable iin])ortance, in study¬ 
ing any given soil, to know the ndative ])erceiitag(‘s of the 
different sized ])articles and the manner in which these ])ar- 
ticles are arranged in the soil as it exists in the field. A 
sandy S(til. tor example, may contain a high jiercentage of 
large partich's as a n'sult of which itsintcaiial surface area, 
as comiiared to that of a clay soil, i> ndatively small and the 
pore sj)ac(‘s much larger, hor thesi' reasons sands tend to 
lose their cajnllary water by evajioration an<l their soluble 
nutrient ehanents in the drainage' waU'r. While' the'se' bosses 
are much reduce'd in clay soils, eitlie*]'jiroble'ins arise' in their 
iiianage'inent whie’li may be' eve'ii more' se'rious. Thu.s unless 
the individual particles eif a e*lay soil can be' brought teege'tlu'r 
inte) gre)uj)s, the preparatieui of a seed be'el is ame)st difficult 
probh'in. 

MECHANICAL ANALYSIS OF SOILS 

A mechanie'al analy.sis of a seiil has feu* its jiurpeise the 
(leterniinatiem e)f the ])e*re‘e'iitage's of the varieius sized par¬ 
ticles whicli constitute a se)il. These jiartie'les, ])ar 1 ie*ularly 
when very small, tenel tee arrange' themse'lves in gre)ui)s eir 
floccules, which must l)e' bre)kf'n apart be'feire' an analysis 
can be made. Feir this jiurpeise' the soil is tre'ateel w'ith a 
eleflocculating agent, usually a elilute' se)lution e)f ammeaiium 
hydroxide, and the mixture is subj('cte*el fen* the' ne'e'e'ssary 
length of time to the action e)f a mechanical shake'r. The 
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smaller particles are then separated from the larger ones by 
decantation of the susj)ended material. Sedimentation and 
de(;antation are repeat(*d sev'cral times in order to secure 
complete separation. The suspensions are sii})jected to the 
action of a centrifuge the speed of which is so regulated as 
to throw out all those particles which have a diameter 
greater than .005 millimeter. By d(‘finition the clay sep¬ 
arate is made to include all partich's whose diameters are 
less than this, and silt all those i)articles whose diameters 
lie }K‘tw(‘en .05 and .005 millimetcT. The coarser particles, 
aft(T drying, arc se])ai’ated by si(‘V(^s according to sizes. The 
details of manii)ulation have b(‘en standardized so that 
(litTerent workers can duiilicate each other’s results fairly 
accurately. 

SOIL SEPARATES 


According to the schenu' adopted by the Bureau of Soils 
of the United Sta1(‘s Department of Agriculture, the soil i)ar- 
ticles are (livid(‘d by Jiu'chanical aJialysis int() groups, or 
sej)arales, having the following range' of diameters; 


TAKLE XI\ 

Sou, Si:i*\u \ti:n as Di.j'ixkd u' 'I'iik Hi ki.at’ or Soils op 
T in: I’MTI I) S'lATKS I)i;r VUTMIAT or AoKK'l’LTrKE 


N:inu- (tf St'i)unitt*s 


Kiik- univcl 
( '(lai'sc 

Mi'diiini sand 
Kmo sand 
\ rry fine sand 
Sill 
('lav 


i DiaiiK'tor in Millnm*UT.s 

I 


•J (M) -1 (K) 
l.(K) r>{) 

0 oO -1) 2') 

0 2 .') -0 10 
(I 10-0 Oo 
0 0 .") -0 00 .") 

0 00.") and sinailrr 


It will be obseiV('d that tlu' lir.st three each decrease as 
to dianu'ter by 50 per c('nt, tlu' fourth by 00, the fifth by 50, 
the .sixth by 00, and the last indefinitely. The range in 
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size of particles in the various separates is not uniform. 
Some of the outstanding physical characteristics of soils 
are related to the percentages of different sized particles 
belonging to the silt and clay groups. In certain of the 
States the terms silt and clay are used to designate separates 
of somewhat different dimensions. For example, in the 
Illinois soil survey, silt is defined as a separate the particles 
in which mav varv from 0.03 to 0.001 millimeter in diam- 
eter and clay is made uf) of particles with a diametcT of 
0.001 millimeter or less. It is desirable to have th(^ meanings 
of these terms standardized. Additional terms arc needed 
for other separates into which the silt and clay, particularly 
the latter, should be broken up. 

SOIL CLASSES 

The words silt, sand and clay ma,y also refer, when used 
as adjectives, to st)il classes in which the ])redominating par¬ 
ticles are of the siz(‘ indicat(*d by the separate name emjdoyed 
as the modifying word. Ac(*ording to the Hureau of Soils a 
silt soil contains 20 per cent or less of clay and 50 jxt c(mt or 
more of silt. Th(‘ soils of the Ignited States are grouped 
into 12 classes according to their texture the s])ecifications 
for which are indicated somewhat in the class name. 


SOIL CLASSES OF THE m UEAl’ OF SOILS 

I. Soils containiiip less than 20 ])er cent sill jind clay 

1. t’oarse sand c<jntains 2.'i per ccnl or nujrc of fine gravel and coarse 
sand, and less than .">0 per c(‘nl of any oth(‘r s<‘parate 

2 Sand contains 2o pi-r ciMit or more of liiu' gravel, coarse and medium 

sand, and less than .">0 yter ccnl ol fine sand 

3 Fine sand contains .'jO per cent <>r more of fine saml, or less than 

2.1 per cent fine gravel, coarsi- and imshum s;ind 

4 Very fine s;ind contains 50 jier cent oi more ol very fine sand 

II. Soils containing 20 to .50 jier cent of silt and clay 

5 Sandy loam contains 25 per cent or more of fine gravel, coarse or 

medium sand 

(i Fine sandy loam contains .50 per cent or more of fine sand, or less 
than 25 per cent fini' gravel, coarse and mediuin sand 
7 Very fine .sandy loam contains .50 jiei cent or more of very fine .sand. 
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III. Soils oont,aininK rjO por coni, or more of silt and clay. 

8. Ix)iirn contains lo.ss t han 20 jKir cent of clay and less than 50 per cent 

of silt 

9. Silt loam (lontains l(‘ss than 20 per cent of clay and 50 per cent or 

more; of silt 

10 f'lay loam contains 20 to .‘10 jier cent of clay and less than 50 per cent 
of silt. 

n Silty clny loam contains 20 to .SO per cent of clay and .50 per cent or 
more of sill 

12. C'lay contains .‘JO per cent or more of clay. 


SOME COLLOIDAL PROPERTIES OF SOILS 


Of r(H*(‘nt yours tbon* has b(*on a considerablo amount of 
rosoaroli on the quantity and the nature of the colloidal 
matter in soils. Sinct* clay is defined as a soil separate the 
particles of which have a diameter of .005 millimeter or less, 
the (piestion naturally aris(‘s as to what the lower limit of 
size of these jtartioles may be. Evidently the reduction in 
size* must coiitiniK* until th(' molecular state is reached, at 
which j)()int solution occurs. A molecule of hydropjen is 
cstiniat.('(l to hav(' a diameter of O.IG inilli-micron and a 
molecule of chloroform one of about eight tunes this length. 
J^etween the nioh'ciilar stat(‘ and the upper limit of size of 
clay j)ai tieles is a \(‘ry wide range in dimensions. As the 
state of divi.sion increa-ses, the combined surface exposed is 
enorniou.sly in«“r(‘ased. Surface ])henomemi which may 
hav(‘ l)(‘(‘n aluK si iK'gligible in coarse sands are brought into 
proniinenee ^\hen llu‘ soil is made up largely of particles 
which hav(‘ Ihmmi rt'diict'd to a V(‘ry fine state of division and 
whieli exist in wliat i^ known as tlu' colloidal state. Thus, 
for exatiiph', soils eonlaining a high percentage of colloidal 
matt(‘r may offer \(‘ry sctIous competition against the plant 
for water and tniiieral mitrieiits in the soil solution. Sim¬ 
ilarly, the mov(‘inent of air and water through such soils 
may be 'cry much reduced and, as a result, certain difficul¬ 
ties may bt' eiieouiitered in tlicii’ management. 
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CRUMB STRUCTURE IN SOILS 

The sizes of particles in soils cannot be modified except in 
a very liniit(‘d way, by any means in the hands of the farmer, 
but certain practices may be (‘mployetl which may very 
materially affect their aJTanj^c'meiit and the working qual¬ 
ities of the soil. Under gootl management these finely 
di\’ided i)articl('s tcuid to arrange* themsehes in what is 
know n as a crumb structure. Working a clay soil wliile wet 
has much the* same* ('ffect on it as occurs with fresh bre^ad 
when it is i-olled between the thumb and finger. By this 
process the pore sj)aces an* lai'gely eliminat(*d and the j)ar- 
ticles are brought together in such close proximity as to 
produce a doughy mass which (>n drying has many of the 
characteristics of a clod. In the manageanent of clay soils 
such a condition is avoitled in so far as possible. In sandy 
soils it may be found desirable to ])reveiit the development 
of the crumb structure as a means of increasing the water- 
retaining capacity- of the soil as well as improving its working 
qualities. 


TILTH IN SOILS 

Good tilth is a condition which is to be sought in all soils. 
A soil may be said to be in good tilth when with the mini¬ 
mum amount of lalxu- it can be put into condition to grow 
crops. Four controllahh* factors are particular!}" important 
in this coniK'ctioii. f)n(* of these*, already mentioned, is the 
amount of water which the* se)il ce^ntains at the* time* wheai it 
is being we)rke*el. A se*e*onel i^ the* e*xte*:it te) which the* freezing 
anel drying proce'sse*s are give*n e)j)pe)rtunity te) fune*tie)n. It 
is a well-known fact that a soil wliicli is in })e)e)r tilth, e)r which 
has been bre)keii up in cloels tends to b(*e*ome* me*llow when 
exposed te) the aedion e)f fre)st e)r he*at. Fart e)f tfiis impre)ve*- 
m(*nt is apparently re*late*d to the* me*chanie*al e'fTe*e*t e)f these 
proe'csses anel ])art tei the* ele*hyelration e)f the somewhat 
gelatinous hydrated colloidal niate*rials in the; soil. A thirel 




Fig. S. “It is :i wcll-kndwn fart that a soil which is in fionr tilth or which 
has hci'ii broken up in clods fends lo become mellow A\hen exposed to the 
action of fnisl or heat.” Spniifi; disking of fall pltmi-d land. iC'oiirtesy 
OliviT (.'hilled J’low Coinpain ) 


mat tor in tli(' form of plant residues, if present in considerable 
amounts, tends to mask the pliysical properties of soils so 
that even such (‘xlrt'mes as clays and sfinds conu‘ to have 
(piite similar projterties in so far as tilth or the capacity to 
])roduc(‘ crops under a given climatic euvii‘oniiicnt are con¬ 
cerned. 
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RELATION BETWEEN CHEMICAL AND MECHANICAL COMPOSITION 

OF SOILS 

Certain general statements can be made witli reference 
to the relationship between eh(‘mical and mec^hanical com¬ 
position of soils. P\)r example, Failyer and his associates 
have shown that the smaller the ])articles the greater the 
percentages of idiosphorus, potassium and calcium. Hall 
found that this was also true of aluminium, iron and mag¬ 
nesium. Of considerable significance is the content of 
silica. If this liad its origin in (piartz it tends to resist the 
action of the elements and to form coarse-textured soils. 
Th(' percentage of silica is therefor(‘ quite high in sandy 
soils. If the source of the silii a was silicates the end prod¬ 
ucts of decomposition are the oxides of iron, aluminimn and 
silicon of which the last is a])par('ntly nMiioved most rapidly 
in soluble and colloidal form in the di’ainage water, leaving 
the other two oxides behiiid in increasing ratios. 

As the fineness of division incr(*ases there is also consid¬ 
erably increased opportunity for the phenomenon of adsorp¬ 
tion to operate in the retention of certain f>f the soil elements, 
particularly potassium and idiosjdiorus. 

PHYSICAL ANALYSIS OF SOILS 

The size and arrangement of soil particles has consider¬ 
able to do with tin* water and air ]('Iati(mshij)s in soils. 
They, therefore, affect fundamentally the biological pro])er- 
ties of the .soil. They also influ(*nce the rate of solution of 
mineral elements and nitrog(‘n as well as the capacity' of 
the soil to retain (‘h'lnents which are suj)plied in soluble 
form. It is a wcill-known fact that the chemical analysis 
of the soil may show large* ajiH)unts f)f miiu'ral constituents 
and yet the soil may be unproductive if for any reason 
the arrangem(*nt of its particl(‘s prevents the adeHjuate cir¬ 
culation of water and air. It is possible, the'ndore, to deter¬ 
mine something of the possibilities of productiveness of a 
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soil by what might he called physical analysis which takes 
into consideration these v^arious physical properties of soils 
and the matter of croj) adaptation in relation to them. 
Unfortunately laboratory studies of physical properties are 
difli(;ult to interpret sinec^ in moving the soil to the labora¬ 
tory its physical condition is disturbed. However, more 
attention is being given to such physical properties as water- 
retaining capacity, pore spac^e, permeability to water and 
air, *])lasticity and cohesion. Lyon and Buckman have 
brought together the most imi)ortant data on the physical 
characteristics of soils which arci of interest in this con¬ 
nect ion. 
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SOIL WATER 


An important physical ])ro])(Tty of soils in relation to 
cro]) production and distribution is llieii’ water-maintaining 
(*a])acity. In genoi’al it may b(' said that soils tend to main¬ 


tain fairly constant wat(‘r contents. 

k. 


It is for this reason 


that some soils are best adaptinl to een‘;d crops and others 
to j)otiitoes, truck crojis or grass. A sugg(‘stive preliminary 
study of this relation>hip betwecMi \vat(T-maintaining capacity 
and crop ada])tation was mad(‘ by ^^'hitlley. 


WATER-MAINTAINING CAPACITIES OF SOILS 

In this study samides of soil \\ere .s(‘l(‘cted t(> a dejith of 
1 foot (iach day during the growing period from iields in 
which the cro])s known to Ik* well ada])ted to tlie soil and 
climate were b(‘ing grown. As a result of this study the 
following data were obtained: 


TMil.K XV 

Avi.KAf.i: 1*1.j{ ('i\T ni W.ATi.k .M vintmvkd iiv Soils 
Known to 1 m‘ U ell to Crops Indicated 


Crof) Adapted to Soil 


Jjocaljoii, Slate 


I*ri ('eiit Water * 
i .Maintaineil 


Truck Marvlaiid 0 

Wheat Maryland Hi 

Crass . Maryland IS 

Liffhl toliaeco ... Coniii'elicwl 7 

Heavy toliacco Pennsylvania IS 


* I’cniTifaKC of dr\ of muI 
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GRAVITATIONAL WATER IN SOILS 

The total capacity of a soil for water is (letermiiKnl by the 
volume of its ])orc‘ space which ordinarily amounts to from 
30 to 50 per cent of the total volume of the soil as it occurs 
in the fiehl. Following a heavy raiii this pore space may 
b(^com(‘ entirely fill(*(l with water to the exclusion of the air. 
If such conditions obtain over any considerable period of 
tbn(‘, injury to the growing crop will be noted. An attempt 
is ordinarily niad(^ in well-manag(Hi soils to have the gi’av- 
itational water carric'd away at a sufhcicaitly rapid rat(^ to 
pn'vent injury and yet not so rapidly as to r(‘sult in excessive 
leaching of the soluble nutrient elements from the soil. In 
the event that this can be accomplished the gravitational 
water is gradually replaced by a nniewed supply" of air with 
marked In'iiefit to er{»i)s. 

CAPILLARY CAPACITY OF SOILS 

Three forces are in operation which tend to separate the 
wat(‘r from tin* soil. Thes(' forces are gravity, transynration 

'I'AliLE XVI 

('Ar.M'iTV or Soli, to Ki':t\in tV vti k in ()ri*osrno\ to (.litAMTY (Kixi;) 


Snil Satiirntcil imd 

\ll(»\\cil to Dram 

for dd Days 


I’tT C'ciit of \Va1(‘i Ht'taincil 

of ( '(iliiiiin 1 



in Iiiflics 

1 

1 

1 

Samly Loam 

Cl.ay Lotiii 

SI SI 

Id l(i 

21 2(i 

(ill 72 

Iti 

;;i d.7 

.'j 7 (id 

17 .711 

;;i 21 

1.7 IS 

IS 7(1 

;5i 1)11 

;;;; ;ui 

2(1 11(1 

;;2 1.7 

21 21 

21 Hi 

:\A Id 

11 12 

22 (IS 

0.7 117 

;{ (i 

27 (ill 

.■57 11) 


t*f tidal Viillinit' of m'iI 
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and evaporation. The percentage of its total capacity for 
water which a soil will retain in opi)osition to the pull of 
gravity is largely ileterinined by its texture* and the height- 
of the column above the water table. King pr(‘sents some 
data on this poh^t for a sandy loam and a clay loam soil 
which were jdaced in cylinders 7 fc'ct in length, saturated 
with water and allowed to drain for a j)eriod of sixty days. 
The data are given in Table X\ I. 

WILTING POINT OF PLANTS 

After the gravitational water has been removed from a 
soil, additional losses occur by transpij-ation and evaporation 
until, in the absence of renewal by rain or from an umler- 
lying water table, equilibrium has lH*('n establislu'd with 
the atmosphere. The hygroscojuc water remaining in the 
soil at this p{)int is assumed to lx* jaesent in the form of 
extremely thin films over the surface* of the soil particles. 
Sometime before this point of eejiiilibrium has been reached 
plants growing on the* M)il wiil begin to wilt. Briggs and 
Shantz studied the wilting ])oiiit of ])laiits in relation to the 
hygro.sco])ic capacity of soils in a saturaled atmos])here and 
found the ratios indicated in the fedlowing table: 

l AHLL XVll 

Per Cent of Water in Soie> at ietini; Poent of J’lant.s " 
Conijiarcil io tlial :i1 1'A|uilit>niiiii with llic iimsphi'n* 


Soil 'I',\p<‘ 

\\ ill iiiff Point 

11.\ jifoscopic 

('oarsf ,Niii<l 

0 a 

0 

J'ltic sand 

2 (1 

1 T) 

Sandy loam 

1 s 

a T) 

Fine sandy loam 

7 

(■* T) 

[joarn 

10 

7 S 

('lav l<»am 

10 ;; 1 

it 1 


* (»f <lry ut-iirlil <i( soil 
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RATE OF CAPILLARY MOVEMENT OF WATER 

As water is lost into the atmosphere from the surface 
soil, additional water moves upward by capillarity to replace 
it,. If the soil column is in contact with a water table the 
amount of wat('r which becomes available to the roots of 
plants by this means may be quite large. Of particular 
interest in this (connection is the rate of movement of capillary 
water and also the extc'nt to whicch the roots of plants may 



Fui. 9.— “TIh' s\irfacc mulch has boon n'cornmcnclcd as a means of con- 
scrviiif? wafer. . . . Coinpacliiig the soil (ends lo cause a more rapid 
movemenf of ciipillarv water." Tlie Culti])acl\er aceompli.shos both 
jiurposc.s (Courtesy, International Harvester Company.) 

])eiietrat(' into a well-dniiiK'd subsoil in the direction of the 
wat('r tjible. 

Oapilhiry movement of wjiter is V('ry rapid over a short 
distance in coarst'-textured soils, but the height to which it 
will rise is (juitt' limit(‘d. In clay soils the total rise is greater 
but tlu* r(*sistjiuce otTt'red to the movement (tf water is such 
that th(‘ rat(‘ is (juite slow. The most sjitisfactor\’ capillary 
nuHTineiit is found in m(‘dium-t(\\tured soils, loams and silt 
loams, wluTc the I’ate of movt'inont is quite rapid and the 
total cttpillarv rise is gieatc'st. An int(*r('sting study of this 
point is given by (1. W. ('oniey as n'corded in Table XVUI. 



66 


SOIL ^^'ATK1I 


TAHLK XVIII 

l'j-'FK{’T t)F TKXTnu: o\ H\tk Avn Ili'icirr of (UiMT.hAHY Hise of Water 

IN nK\ Soils 

Height of Water in Indies at I’enocls Imheated 



'I'linr 

Duidvirlv 

\\ OOsItT 
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j Sand 

Sill Loam 
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1 

•> 
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la .') 

7 •> 

r> 1 

1 
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n a 

11 2 

S 0 

ti 

hours 

i» '» ( ■) ' 

20 t) 

Ifi ."i 

12 

llOUI'" 

17 2 

i>*> ii 

IS T) 

1 

(Iny 

IS 1 

40 4 

21 0 
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20 :j 

0.") 1 

21 7 

e'l 

(lays 

21 S 

7s .’) 

27 a 

fi 

day." 

2;; 0 

so 

2S S 

is 

day." 

2.“) a 

00 2 
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THE SURFACE MULCH 


Th(' rate of inovenHail of caitillaiy waItT is very miieh 
reduced if tht* Miil cnluiuii has Ix-eii liroken and the jtarlicles 
are dry. rndta- such conditions tlu' nio\cnK‘nt of wattT 
may be almost entirely ])r(‘vented, ])articuhirly if th(‘ sur¬ 
face of tlie soil is a considt'rable dist.anct* abovi' the wattT 
table. It is for this reason that the surface' mulch has Imm'u 
recttinmt'ndt'd as a mt'an^ ol cons('r\'inji; \\at(*r. Kinjj; 
studied this itroblem by jtlaeinj:: soil in cylind(*rs at tlie 
bottom f)f which additional water was sujtplicd to rejtlace 
that h)st by eva{)oration from tht' surface. Tht' exact height 
of the cylinders is not ‘iiven, but ordinal ily tlu* soil columns 


extendt'd about 12 incht's above* tin* water l(*vel. An exam- 
pl(‘ of the re'sults obtaiiK'd from such a study is pven by 
Kinji; as shown in '^Fable XIX. 

(’onverscly, coinjiactin^ the* se»il tt'iids to cause a more 
rapid mo\(*m(*nt of capillary wate'r. dhis is particularly 
true if the seal column is alreaely moist tlire)Ufi;henit its entire 


length. 
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TAHLE XIX 

Effectiveke.ss of the Soil Molch i\ Conseuvinc; Water 


Tons of Wilier per \ere Lost by EviifMirulion in 100 Days 

i , I i 

(’iiiy Ijoain j Hlaek Marsli ; Sandy Loam 


No inulcli 

•Jill 1 

oSK 

i 741 

Oiu* incli imilcli 

i' 2 c.n j 


! 872. 

Two iticlu's iimlcli 

am 1 

270 

880 

Tlim- iiiclu's nmlcli 

' SS<) , 

-JoC) 

; 2S7 

Pour inrlics iiiiilcli 

ss;j i 

2.->2 

81o 


DEPTH TO WHICH ROOTS PENETRATE THE SOIL 


It is a woll-kiiown fact that the roots of inost crop plants 
toml to p;ro\v downward in the soil to consideralde depths 
unless |)revent(‘d from so doing- by .>oni(‘ impervious layer of 
rock or of subsoil or by the pri'si'nce of a water table. King 
studied the root d(‘velo])mt‘nt in Wisconsin of soni(‘ of the 
common farm crojis and fouiul that the roots of corn, 
wheat, Itarley and oats, at maturity, had reach(‘d a deidh 
of more than four feed. With corn, lh(‘ soil was filled with 
roots extending acro^s the intervening s])ace between the 
rows and to a (h'ldli of 2 f(‘('t by tlie time tlie ])lants had 
reached a lieight of dO inclu's. If tlu' water tabh' is under 
control at a reasonabh* di'pth, thest' roots, when once well- 


establislu'd, may be abh* (o s(‘cur(‘ sutficient Avater to sat¬ 
isfy t!ie r(“(iuir('m('nts of th<‘ jilaiit (‘V(‘n though the surface 
soil may contain only its hyg!-osco])ic capacity. 

Plants dilTer consid(Tably in their root-systems and the 
extent to which thes(‘ roots ])(‘n(*trate the subsoil. Those 
with deep root-systians arc' the last to sutler from drouth. 


This fact is takem advantage* of in the killing of grass and 


W(*(*ds in the irrigatcnl alfalfa lic'lds of the Wc'st. Wet lands, 
if diflicult to drain, are ciuite commonly givem oven* to pas¬ 
tures and the grassc's which devc'lop are largc'ly those* whose 
root-syste'ins are limite'd in ek'iith. I'luleT such eamditions 
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it is essential that the rainfall be frequent aiul abundant, or 
that the land be kept suppli('d through tlu' summer with 
drainage water from siirrounding higher levels. 

LATERAL MOVEMENT OF WATER IN SOILS 

The movement of water in soils is larg('ly vertical. The 
pull of gravity is downward. Loss of water into the atmos¬ 
phere gives opportunity for capillary rise upward. Because 
of these up and down tendencies litth* lat(‘ral movement 
takes plac(‘. The lack of lateral movement need not ])re- 
vent the translocation of salts in solution but it is appa¬ 
rent that the latter would be considerably increased if the 
former took place to any extcait. In the ])ermanent grass 
plots at Bothamsted the diffenMices in tli(‘ growth and the 
nature of the grasses and weeds are V(‘ry sharply d('fin(‘d at 
the imaginary lines separating the several plots on which 
the different fertilizers are ai)])lied, although the experiment 
has been in progress for three-quart('r,s of a century. 

OPTIMUM WATER CONTENT OF SOILS 

The optimum growth of plants is })robably obtained at a 
water content api)roximating (iO to 70 ])(‘r cent of saturation. 
Greaves found that aininonilication and nitrification i)r()c- 
esses are carried on most rai)idly at (iO per cent saturation, 
while nitrogen fixation by non-syjnbiotic organisms was most 
rapid at 70 per cent of the total water capacity of the soil. 
These may not be the quantiti(“s of wat(‘r which ])rovide 
optimum working conditions for tin* soil. Studi(*s have 
shown that there is a water content at which (‘ach soil can 
be cultivated most effectively and easily. In sandy soils 
this is at a point which might b(‘ considered over wet. 
Ordinarily this point is at approximat(‘ly two-thirds satura¬ 
tion. The practical difficulty found is that of meeting the 
requirements of the variety of soils oft(‘n pres('nt, in (;ach 
ficild. Furthermf)re, cultural operations in a fi('ld cannot 
ordinarily be completed in a .short, enough time to take 
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advantage of the most suitable amount of water throughout 
the entire period required. 
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SOIL AIR 

The giving off of carlwm dioxidr is n funriioii of holh tho 
loaves and the roots of crop j)lants. It is luvossary, tlioro- 
fore, that tlioro Ix' some jn-ocess of ventilation of the air in 
contact witli tliese ])arts of Mich jilants in order to prevent 
an accunnilation of tliis resjiiratoj;' product. The leaves 
of ])lants have this accoinplisluHl for them through the action 
of winds and air cnrnaits. In tlie soil the probhan is nion* 
coni|)licat(‘d and at times special attention must be g;iven 
to tlie mean> of renewing- tlie air sipiply in contact with the 
roots of cro])s. 

COMPETITION OF AIR AND WATER FOR PORE SPACE 

The ])ore s])ac(‘ in a soil, as previously mentioned, 
amounts to from .‘50 to ."iO i)er cent of the total volume occu¬ 
pied by the soil. Tart of tliis s])ace is takiai uji bj^ water 
and tlie remainder by air. As tli(‘ (plantity of wat{‘r is 
incnaised a jioint is finally reaclK'd at which the la(‘k of 
available oxygen, or the accumulation of carbon dioxide, 
becouK's a limiting factor in crop growth. This is pc'rhaps 
one of th(‘ inpiortant reasons for the decirase in r(*s])ons(‘ 
per unit of additional increments of water in irrigation 
cxj)(‘rini(Uits. The work of Widtsoe with wlu^at, lor exam- 
})1(‘, furnisho a good illustration of this jioint. In th(’s(* 
investigations the rainfall during the growing s(‘ason 
aniount(‘d to b5.74 inches. Adding to this the inches of 
irrigation water supjilied, and dividing this into (he number 
of bush(‘ls of wh(xat f)r(xluc(.*d in the several t(‘sts gives the 
following data: 
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Tli(‘ liiw of (lijiniii>hiTif>: rot unis is in operation in the 
above ease and tli(‘ injurious ofToots of a laok of oxygon anti 
of the aoounuilation of oarbon dioxide eoiue into jilay. 


EFFECT OF AERATION OF CULTURE SOLUTIONS 

A sonu'wliat iiottor example of tlu' effect of a failure to 
renew the air su])ply of the roots of iilants may be found in 
the work of Hall and his associates in eonu(H*tion with the 
growing of land plants in culture' solutions, t’nder such 
conditions tlu'sc' ])lants an' far n luoved from llieir natural 
environment. However, it is jrrobably safe to assume that 
the effect of the aeration of tlu' culture solutions noted in 
th(' accompanying table is not greater relatively than would 
<K‘cur und('r fie'ld conditions if the soil were' wet and a sim¬ 
ilar jiK'thod of ac'ration could b(' ])ut into ojx'ration. 

Plant roots difh'r considerably in their aeration reepiire- 
inents. Hall's iuve'stigations showed that buckwlu'at, a 
plant which grows satisfactorily on somewhat wet and acid 
soils, is not nearly so sensitive to a lack of aeration of the 
culture solution as is barh'y. On the other hand, when the 
culture solutions were aspirated with carbon dioxide all of 
the ])lants, including buckwheat, soon wilted. 
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TAHLK XXI 

Effect of Aeration of CrLTcitE Soia’tion on the Oiwjwth of Plants 
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EFFECT OF ANAEROBIC CONDITIONS ON SEED GERMINATION 

The germination of sei'ds is also inliibited by ana(‘robic 
conditions. A review of the literature on this subject and 
also of the entire problem of aeration of soils as related to 
the growth of plants is given by (Mements. In this revi(*w it 
is shown that if for any reason there is a n'duction in the 
amount of oxygen or an increase of carbon dioxide beyond 
the normal, germination is delay(‘d and. with further increase 
in the concentration of carbon dioxide, is jn-evented entirely. 


TOXIC EXCRETIONS OF PLANTS 

A large amount of investigational work has been done 
in an attenii)t to t'xplain the caus(‘s of unproductivity of 
soils which have becai undcT cultivation for some years. Of 
interest in this connection are some publications ol the 
Bureau of Soils of The Tiiited Stat('s Oepartment of Agri¬ 
culture and of the Woburn Exi)erim(‘ntal Tarm in ICngland, 
in which the theory was advanced that jdants excr(‘te toxic 
substances during growtli which an* })articularly harmful 
to oth(‘r plants of the same species. Tin* good (‘tT(*cts of 
crop rotation were believ(‘d to Ik* jjartially (‘Xplained by 
this theory. The evid(*nce on this subj(*ct has also be(‘n 
reviewed by Clements. It indicat(*s that the only excretory 
product of the roots of f)lants grown under normal condi¬ 
tions which might have any toxic (*tT(*ct is carbon dioxide. 
Any organic toxicity which may develop in soils is j)robably 
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the result of anaerobic decomposition and with an absence 
of supplemental oxidation by aerobic bacteria. It is con¬ 
ceivable tliat a considerable number of reduction compounds 



Fu!. 10 


\i>1 Aoratocl 

l'’JTcct of aiTalion of culture solution ou tlic niowth of 
corn [ilants 


mip:lit bo pr()(luc(‘d under corliiin conditions in soils which, 
if allowed to a<*ciimulate, would not only be toxic to plants 
but to soil bacteria as well. 
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THE SIGNIFICANCE OF COLOR IN SOILS 

Of particular inten'st in coniu'ction with j)ossible toxicity 
in soils rcsultinjz; from insuflick'iit a(‘ration is their color. 
In well-drained soils the coini)ounds of iron an* oxidiz(‘d to 
the ferric state as indicated hv their red, yellow or brown 
colors. In tlie absence of f»;ood drainage tin* sul)soil is often 
of a bluish, gray or mottled color indicating the presence of 
reduction compounds. Humus soils, formed in swamps, are 
black or brown in color, de])(*nding on the nature of the 
processes of decomi)osition as related to the air supj)ly and 
the presence or absence of carbonate of lime in the leachings 
from tlie surrounding higlua- h'v('ls. "riie ])r('senc(‘ of fc*r- 
rous comixmnds in the subsoil is indicative of reducing con¬ 
ditions unfavorable to th(' growth of aerobic bact('ria and 
of crop plants. Ferrous suljhate is known to be toxi(‘ to 
jdants and is used as a si)ray for ('radicating such ])l.‘ints as 
mustard and dandelion. It s(*t‘nis (juite probable that if 
the subsoil coTitains this and similar c()mj)ounds the ik'vel- 
opment of many si)eci('s of bact('ria and of jdaiit roots will 
be hindered. Farnu'rs have learned to judg(‘ the (uiality 
of soils by their color and with (*onsiderable accuracy, as 
might be expected from tl;e relationships indicated above. 


THE COMPOSITION OF NORMAL SOIL AIR 

Russ(‘ll and Ai)i)l(\vard studi(‘d the com])osition of the 
air of the Kothamsted soils in c«)nsiderabl(‘ detail. The 
oxygen contcait of tlu' surface soil was found to average 
about 20.00 per c('nt and tlic' carbon dioxide* 0.2.1 jx'r cent 
of the total volume as com])ar(‘d to 20.0 and O.tKl r(‘spectiv(;ly 
for the ordinary atinosphere. 'I'la* carbofi dioxide cont(*nt 
fluctuated soiiK'what throughout tin* si‘as(ni, depending ui)on 
tlie climatic and soil conditions as afb'cting the growth of 
Iilants. The following table is of int(‘r('.st in this (connec¬ 
tion: 
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TABLE XXn 

PKltCiiNTAOK COMPOSITION OF Till!: SoiL Alll TUIlOUOllOUT TIIK SEASON 
R()(.lijunsl(‘<l—HrrtadhalU Field—Cotitimious Wheal. 
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lK*li(‘V(*s tlint tlic iiicmisiHl coiimitnitioii of ciir- 
1)011 (lioxi(l(‘ in tin* soil during' tho growing senson is fnirly 
dolinitoly corrclMti'd with the rate of growtli of the ])hint 
and tliat it is in eonsidi'rahh' jiart due to the respiration of 
the jilant roots. '’I’hen' sei'ins to be evidence in favor of 
this conclusion in the above table. Thus the wheat crop 
jirobably beg.nn to grow nicely in November, was retarded 
for a time during tlu' cold wi'ather of December and Jan¬ 
uary, b'lit caiiK' on more rapidly in the spring with maximum 
growing activity and n'sjiiration in May. 


EFFECT OF EXCESSIVE AERATION 

Doarse-textnred soils, if w('ll drain(‘d, are likely to have 
their aii sujiply riMU'wi'd so freijuentlv that the oxidation 
processes may beconu' (‘xcessively rai)id. This fact has been 
noted in th(‘ dilliculty found in maintaining a sufficient 
amount of organic matter in .sandy soils, particularly tho.se 
which ar(' under cultivation in warmer latitudes. The 
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plant residues are oxidized so readily, and the soluble prod¬ 
ucts which are fornuHl are carried away so rapidly in the 
drainaj!;o, that these '<oils soon lose their productivity. Such 
soils are hijj;hly j)roduetiv(‘ if ]>reeautions an' taken to renew 
the organic matter by the use of green manuring crops or 
otherwise as rapidly as it is destroyed. This is ])articularly 
tnie if the moisture supjdy can be controlled by some t^-pe 
of irrigation. 

MEANS OF CONTROLLING SOIL AERATION 

Ordinarily tlu' probh'm is one of increasing the rate of 
movement of air througli soils to jm'vent the accumulation 
of reduction comiumnds and to r('jno\'e llu' carbon di{)xide 
excreted by jdants, or resulting from bacterial action. Nor¬ 
mally, the change of air is accom})lislied by its e.\j)ansinn and 
contraction due to changes in temp('rature and by its dis¬ 
placement l)y water with sub^eejuent n'lu'wal as the water is 
lost by draiuag(‘, transpiration atul ('vaporation. It is in 
the absence of th(‘ free m.n'ciiK'iit of water, and particu¬ 
larly with the finer t(‘xtur(‘(l soil>, tliat th(‘])roblem Ix'comes 
serious and measun's must be tak('n to increase the rate of 
air renewal. (Cultivation may be of soiiu' value, but arti¬ 
ficial drainage and tlu' intioduction of large anioimt^ of 
crop residuf'> an' the most effe(‘tiv(‘ mean^ of accomj)lishing 
the de.sired rcMilt. Something can lx* doiu* in ch(X)sing 
crops adapted to such a condition in the soil. 
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CHAPTER X 


THE SOIL SOLUTION 

In ()r(l(T to provide optiiiuiin oouditions for the i^rowth 
of plants in water cultures, it is necessar}' to control within 
somewhat mirrow limits the total concentration of the salts 
in solution, the r(‘action of the solution and the ratios in 
whicli the s(‘veral ions are ])resent. ddiesc* r(‘(}uirements are 
imdoul)t(‘dly nud in productive' soils. Unfortunately little 
is known concc'rninj:; th(' (‘xact nature' of the' soil solutiem by 
jeason of the didicultie'N invoh’e'd in its separation unchanged 
from the' soil. A good revie'w of the* methe)ds employed in 
such we)j*k is gReii by Parke'i'. From his and e)th(*r iiUTS- 
tigations some* ide'a. of the ce)ncent rat ions of the several ions 
in soil solutions lias bec'ii gaine'd. The're* is, lie)W('V(*r, a 
fundanu'ntal diffe're'nce betwe'en soil and culture seilutions 
in that in the foniier eviM* the solution is in ceaitact with the 
undissolve'd mine'ral e'omplex and its rale of re'iiewal from 
this, as the* disse)lve*d el('me*nts are reme)ve*el by e'reips and in 
drainage* wate'r, is like'ly to be eiuite variable depending 
upem ilie e*onditions which obtain. 


ALKALI SOILS 

In re'gions in which the rainfall is limite'd to sue*h amounts 
that the* loss of water through elrainage is practieailly negli¬ 
gible, the* subslane*(*s which have b(*en dissolve'd fremi the 
soil ae'cumulate in the form of soluble salts. Such rain as 
falls, toge'tlu'r with the acids jiroduerd in the eixidation of 
organic compounds e'ontaiiiing the e*le'm('nls carbon, nitro¬ 
gen, suliihur and chlorine, act. ein the soil minerals with 
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the formation of salts of the alkalies and alkali earths. 
Eventually the soil may eontaiii larj>;(' amounts of earbon- 
ates of sodium and ])otassium, tlu' acid carbonates of cal¬ 
cium and niaj!:nesiuin and the sulphates, chlorides and 
nitrates of all of these elements. 

Harris gives the com])()sition of the resulting “alkali ” 
as determined at several dilTerent locations in the United 
^States, as follows: 
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ALKALI TOLERANCE OF CROPS 

The accumulation of th(‘S(‘ salts, conmionly call(‘d alkali, 
interferes with tlie growth of plants either J)y n^ason oi thl^ 
abnormally high concentration, th(‘ alkalinity or th(^ unfav- 
ora])l(‘ ratios in which the soluble ions are j)ri‘S(‘nt. As would 
be exp(;cted, plants differ considerably in their capacity 
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to eiiduro alkali. Among the more resistant crops may be 
mentioned alfalfa, sweet clover, inilh'ts, sorghums, rape, 
barley, rj^e, sugar b(^ets, asparagus, and cotton. Of the 
fruit trees the date palm is ])('rhai)s the most resistant. .As 
Harris poinis out, the ability of plants to withstand the 
effects of alkali is det('rmin(‘d not only by the nature of 
the alkali, but also by its distribution in the soil. Deep- 
rooted ])lants thriv'e best wIhtc' the alkali is concentrated 
in the surface soil while shallow-rooted crops may do best 
when the alkali salts are deepc'r. 

CONTROL OF SOIL ALKALI 

Irrigation with an excc'ss of water, which is removed by 
tile or allowc'd to run off tlu‘ surface, is an efficient means of 



Fi(i. 11 “111 regions in which the rainfall is limited 1o such amounts (hat 

the loss of water through drainage is praelieallv neghgihle. the stihstunees 
wineli have heen dissolvetl from the st.>il aeciimuhite in the f(>i'm of 
soliihle salts.” i('ourtes,\ of (lie Amerieati Troiia Corpiuation, jiro- 
dneers of ‘* Kenih'rt’’ j)o(a.sh .salts.) 


removing soluble stilts from soils. This methoil is not 
applicable ov(*r any vt'ry hirge areti of land since as a ruli‘ 
th(‘ qutintity of irrigation wjiter is limitetl. If the ctiuse 


of injury of th(‘ alkali is its tilkalinity, the tipplicatioii of cal¬ 
cium suljdiate is sometimes recomiiK'iided. Sulphuric acid 
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and elemental sulphur haAT also been suggested as neutral¬ 
izing agents for alkaline soils. Other devices such as scrap¬ 
ing the alkali crust from th(‘ surface and plowing to greater 
depths have been employed. The alkali soil problem is 
much more difficult than that of acid soils although the area 
over which alkali is a limiting factor is much less than that 
included in the humid regions where acid soils are the rule. 


ACID SOILS 

In humid regions tlie soluble salts which are formed 
in the decomposition of miiu'rals an' gradually removed in 
the drainage water. Accumulation is therefore prevented. 
Evidence of this removal is to lu found in th(' immense 
deposits of common salt, potash salts and limestones which 
are variously distributed over the ('arth. .\s the basic 
elements are removed, the soil becom('^ more largely niad(‘ 
up of iron, aluminium and silicon in tlu' form of hydrated 
silicates and o.xides. The decay of organic matter in the 
soil hastens the ])rocess. A jiartial clu'ck against these 
losses is provid('d when the M)il is (‘oven'd with vegetation 
which utilizes the mineral nutrients as tlu'y are dissolved. 

Iron and aluminium Ix'ijig amphot(‘ric, and silicon an 
acid-forming elenu'iit. the gradual removal from tlu' soil of 
the basic ions, sodium, ])otassium, calcium and magiK'sium, 
results in the accumulati«)n of a ])ot(‘ntially acid residue. .V 
typical example of an acid >ilicate rc'sidue is found in 
kaolinite, which may be r(‘])r('sented by the formula 

2nA)Al/).;-2Si(),. 

This was derived from ortiioclase, having the formula 


K.O-AlAlv.tiSiO,-. 


loss of silica and a substitution of hydrogen for the potas¬ 
sium has been effected in the decomi)osil ion ]>rocess. Potas- 



ACID SOILS IN 1ILLA1MON TO TIIK GROWTH OF CROPS 81 


sium (carbonate bciiiK sohiblo in water was gradually leached 
from the soil. In the mon^ advanced stages of weathering 
the total amounts of (calcium and magnesium are often 
found to have b(*(*n reduced to h^ss than 5000 pounds per 
two million pounds of soil. Th(^ contents of sodium and 
potassium are seldom l(5ss than four or five times this 
amount. 


AVIDITY OF SOIL ACIDS 

A considerable part, of the acidity of soils is potential 
but not directly injurious to plants. Hydrated silicates are 
not highly solu])l(‘. Howev(*r, tiny may serv(‘ as competi¬ 
tors of f)lants for bases in the soil solution. Furthermore, 
the acids in soils vary in their strength, this being deter¬ 
mined by the extent to which they yield up free hydrogen 
ions to th(‘ soil solution, '^fhe concentration of hydrogen 
ions is now ordinarily expressed in t(Tms of pH which is 
the common logaritlmi of tin' reci]irocal of the hydrogen ion 
concentration exju'cssed in terms of normality, the neutral 
|)oint lu'ing r(‘pr(*sente(l by ydl 7. A solution having a pH 
of 5, for example, contains 100 tinu's as many free hydrogen 
ions as ])ure wat(*r while one with a /)II of S has 10 times as 
many OH ions as jaire water. Tlu' y>II of soils of hmnid 
regions has been found to range from about 4 to 8. 


ACID SOILS IN RELATION TO THE GROWTH OF CROPS 

Exp(‘ri(Mic(‘ has shown that with an iiuTease of acidity in 
soils, croj)s Iniving a high lime-reciuireinent, such as sweet 
clover, alfalfa, h'ttuce, spinach, beets and many other com¬ 
mon cro])s, ai‘e replaced by others which are less sensitive 
t.o acid soils conditions. A\'ith greater increase in acidity it 
becomes necessary to substitute less desirable crops until a 
point is reaclu'd at w Inch few of those commonly grown wall 
thriven. FurtlKT complications arise from the fact that 
desirable soil bacteria, particularly those which have to do 
with nitrogen fixation and nitrihe^ation, iu*e also injured by 
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acid soil conditions with the result that nitrogen economy 
becomes a more st'rious iiroblem. 

It has also been found that acid soils are injurious to 
crops and soil organisms in certain indirc’ct ways. Of par¬ 
ticular interest in this connection is the work of Hartwell 


and Pember in which it was shown that soluble aluminium, 
common to all acid soil solutions, is toxic to jdaiits, in some 
cases much more than others. It was found tliat barley 
and rye were injun'd in much th(‘ same' degr(‘e by increasing 
concentrations of acid, but very difh'rently by the presence* 
of aluminium in solution. For tliis r(*ason, any croj) to 


which aluminium is toxic in dilute concentrations will have 


difficulty in growing on an acid se'il. Barley is a good ex¬ 
ample of such a crop. 

Iloffer has shown that tin* injury to corn produced by 
the disease commonly known as * root rot ” is associated 


with the accumulation of aluminium salts in the plant, (‘spe¬ 
cially in the nodal tissues. 


THE RATIOS OF THE IONS IN THE SOIL SOLUTION 

The ratios in wliich the sev(*ral ions (*xist in tin* soil solu¬ 
tion are also important. IMcC'ool lias >hown, for (‘xamjile, 
that ammonium, magnesium, sodium and jiotassium ions 
an* each toxic to plants when suiiplienl singly as salts to 

culture solutions. This toxicity may be o\(*r(‘ome by the 

« • • 

addition of olh(*r ions of which tin* calcium ion is gen¬ 
erally most etfeciiyc*. It s(‘(‘m probable, according to True, 
that the difficulty lies in the fact that |)(‘ctat('s of all of the 
other bases are mon* soluble than that of calcium which 
ordinarih' makf*s up a large jxirtioTi of the out(T layer of 
the cell wall. In tin* absence* of aderjuate* amounts of cal¬ 
cium in the nutrient solution th(*r(‘ is a sulistitut i(»n of other 
bas(*s. Potassium ]H*ctate is r(*adily solubh* in water and 
even magnesium pe^ctate is much mon* soluble than the cor- 
n*sponding calcium compound. As a n*sult, the p('rmeability 
of the cell wall is altered and the cell i(*nds to lose its 
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protoplasmic contents to the nutrient medium. The other 
essc'iitial elements in the solution, or in the soil, are of little 
use to the plant, therefore, unless the calcium ion is present 
in suflieient amounts to satisfy the normal needs of the 
plant in the construction of its cell walls. 

The conditions under whi(;h croj) plants are grown in 
culture solution work are abnormal. Furthermore, if it 
w(;i-e j)()ssil)le to d(*terinine what (constituted an optimum 
culture solution for crop i)laiits when grown under such 
conditions this information would have little value in its 
api)lication t,o the soil. This is for tin; reason that the soil 
tc'iids to exercise ])recipitation and adsorption effects which 
imnu'diately alt('r the ratios in which th(c ions are pres(‘nt 
in th(‘ solution. Tliere is th(‘ further complication in that 
the soil solution, l)(‘ing in immediatcc contact with the soil, 
t('nds to 1)(‘ r(‘n(‘W(‘(l from the soil as the nutric'nt elements 
aj'(' r('mov(Ml by th(‘ growing crop. An interesting com¬ 
parison of the concc'iitration of nutrient solutions essential 
to optimum growth of crop plants in the soil and in solu¬ 
tion cultures is given by McC’all. 

EFFECT OF FERTILIZER SALTS ON THE SOIL SOLUTION 

Th(' good oi‘ bad eflects of applications of fertilizers, lime 
or lim('ston(‘ and manures, to Ix' correctly interpreted, must 
tak(‘ these various relationships into considcTation. Sul- 
jdiate of animonia leaves an acid residue in the soil as coin- 
pariMt to th(' alkaliiK' r(‘sidue l(‘ft by nitrate of soda. Acid 
phosphate not only su])i)li('s soluble phosphorus, but pre- 
ci])it.ates toxic aluminium from acid soils. Linu'stone sup- 
])liesth(‘ (‘h'liH'nt calcium, but also has an important functk'n 
in controlling tlu' soil n'action. Heavy applications of ma- 
nuH' and soluble* f('rtiliz('rs hav(' an appreciable effect on the 
total concent rat ioTi of salts in the soil solution A large 
amount of inv('stigational work in soils in recent years has 
b(‘('n diiTcted toward det(Tmining the concentration and 
reaction of the soil solution, its rate of renewal from the soil 
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matrix and the influence upon it of applications of manure 
and the various fertilizer materials. 
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One of Iho most inii)ortaiit i)r()})loiiKs in soil manage- 
inoiit is tlial of controlling the water supply at as nearly the 
optinuiiii as possible for the croi)s it is desired to grow. In 
humid regions this usually nieaiis the following of such 
l)ractices as will economize on wat(T during, or in prepara¬ 
tion for, periods of drouth and will ])revent the undue reten¬ 
tion of gravitational water by the soil, following periods of 
h('avy rainfall. The conservation of water is ordinarily 
accomf)lislu‘d by certain tillage operations and by those 
j)ractic('s which infliK'iice tlu? content of organic matter in 
tlu‘ soil. The removal of th(' exc(‘ss water is a problem of 
drainage. It happens that artificial drainage is also indi¬ 
rectly a cons(T\'atioii measure in that by enlarging the 
foraging area of plant roots it makes it possible for 
them to use the water which is stored at greater depths 
in the soil. 


THE ROOT SYSTEMS OF CROP PLANTS 

Weav(‘r and his co-woi’kers have shown that, under fav¬ 
orable conditions for growth, and in th(‘ absence of a water 
table in th(‘ subsoil, the roots of oiilinary crop plants pene¬ 
trated the soil to a d(‘])th of from o to S f('et in certain areas 
in N('braska, Kansas and Colorado where these investi¬ 
gations of root systems were made. The following table 
selected from their work is illustrative: 
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^'AUlJl: XXIV 

Root Dr.vi:Loi'Mi';N'i’ ok C’lior Plaxts (W'ioavku) 

i (irowth Record I (Irowlli Record 

I . ! 


Cmp Variety 

(.f 

Tops 

i of K(X)1.s 

1 

' .\fie. 

1 )ays 

1 Heijslit. j 

i I'Vet ' 

D(*ltt!i. 

Feed 

Si)read, 

Feet 

Oats— Swcitish .Scloci 

f.;; 

:m) 

t> S i 

! 1 3 

Wheal— Man]Uis ! 


i 2 7 ■ 

(i 7 

1 ^ -5 

Rarlcv—M.anctiuria 

SI 

2 

ti :5 i 

1 3 

Oorn—Silver ■Mine' 

lie. 

S .“i 

S 2 ! 

•1 0 

Potatoes—Early Ohici 

tu 

2 

1 

A 7 

2 1 


THE AVAILABLE WATER IN DRAINED SOILS 

Assiiiiiiiig that tlie wat(T tal.^lo is uiulor sullir*i(‘iit control 
in liunikl regions tf) prev(‘nt its rising higher tlian fert 
below the surface of th(‘ soil, exc(‘j)1 for short jKTiods after 
heavy rains, and that this dejjth therefore re])resents the 
space in which croj) roots can grow without danger of injury 
from excess water, it is then j)os>il)le to (‘.stiniati* th(' amount 
of water whicli is availa])lc for crop use und(‘r any given .soil 
and climatic environiiH'nt. Some inve.-tigations by ('on- 
rey are of interest in this connection. In these* studies the 
soil columns were in contact with a \\at(T tabh* at a d(‘pth 
of () h'ct and percolation had be(‘ii allow(*d 1(/ continue for a 
period of tw(» months after the* sr)il had lu'eii saturat(‘d with 
water. At the end of this tiine* moisture* determinations 
were made on the upp(*r .‘1 feet of soil. The wilting coefli- 
cients for these soils w(*re tln'ii (‘stimated. Subtractijig 
the.se two sets of figures for each soil giv(*s the amount of 
water which should be available for croj) use in the up])er 
3 feet <jf these s(uls when the s(»il water has come to ecpii- 
librium with gravity, aft(*r being saturated by rain and 
under conditions in which the wat(“r table is niaintaim'd at 
a depth of 0 feet. If tin; entire capacity of the soil to hold 
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water was satisfied when the crop was planted and pre¬ 
cautions w(Te ttik(‘,n to maintain a surface mulch until pro¬ 
tection was affordc'd l\y a rapidly growing crop, the losses 
of water by surface evaporation need not be excessive. 
Furthermon', any such losses should be more than compen¬ 
sated for, ordinarily, by the rainfall. 


TAliLi: XXV 


Availahlk Watkk i\' Tiikiok Fkkt (if Soil at Point of 

EoriMliUH'M WITH OltAVITY AFTLU SaTI UATION 


W.'ilcr Jit JX*|)th of Six Foot 


I 



Pcrcc'iita^c 

s (if J^ry tN'eight of Soil 


Dunkirk, 

Woosk'r, 

Brookston, 


Fine S.-ind 

Silt Loum 

Cay 


! li T) 

30 2 

30 0 

Wiltmn (•<i(‘nicu‘n( 

1 ;{ r, 

7.7 

17.0 

Av:iil!ilil(‘ Avntcr In ililTi'iciur 

0 

*)0 r. 

12.8 

AvMil:il)l(‘ w:il(‘r m ihtc im lics 

1 (i 

! 10 5 

1 

5.2 


Usually, tlie water table continues to recede during 
the summer months so tliat by the time root development 
to a dejitli of d f(‘et lias taken jilace the water table may 
perhaps be evt'ii more than (i feet below th(’ surface. As 
the roots contimu' to grow downward, additional water 
bi'conu's avtiihible, but tlu' roots are in constant danger of a 
rise of th(‘ wattT talih' to the level of the tile, which is usually 
j)lac(‘d at a depth Jiot to exceed feet below the surface. 
Th(' water Ix'low the dejith to which roots extend is not 
thought to be of any considi'rable imjiortance, since the rate 
of moveiiKMit of water tlirough a subsoil Avhich has been 
rolibed of its water by roots is Aery sIoav, particularly when 
some distance removed from the Avater table. 
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RATE OF REMOVAL OF WATER BY DRAINAGE 

Too rapid ronioval of gravitational water from the soil is 
objectionable for the reason that, it tends to carry away with 
it the soluble nutrients essential for i)lant growth. On the 
other hand, it is apparent that the gravitational water can¬ 
not be retained in the soil for any considerable length of 
time without injury to (to])s from the accumulation of 
respiratory carbon dioxide and the formation of toxic reduc- 



12.—“As !> gcncml riik' soils located in Imiriid clmiate.s and containing 
considerahle (lercc'iilages of silt and clay, jiarticularlx if the land is 
fairl\ level, liave their productive [lowei for ordinar\ farm crons imjiroveil 
by .soiiK' .sy.stein of artificial drainage.” 


tion compounds resulting from anaerobic bticterial action. 
There is also danger of loss of nitrate nitrogen ))y <leiiitrifica- 
tion. If the topografthy of the land is rolling, the rajnd 
absorption of the rainfall l)y the surface soil is desirable as 
a means of preventing undue erosion. l<l(‘al drainagt' will 
provide for the rai)id absorption of th(‘ water by th(‘ .surfat'e 
soil and its somewhat gradual nanoval through tlu* tile. 
An excellent revd(*w of the cf)nsiderat.ions iiivoivcnl in })lan- 
ning effetttive systems of artificial drainage is gi\'(;n by 
Elliott. 
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SOME LIMITATIONS TO ARTIFICIAL DRAINAGE 

Soils differ to such an (extent in the size and arrangement 
of their constituent particles in both the surface and sub¬ 
surface zones; th(^ tof)ographic features of the land varies 
so mu(;h from jdace to plac^e; the climatic conditions are 
so variables; and th(‘ root systems of crop plants are so dif¬ 
ferent in their habits of growth and in their reejuirernents, 
that it is some\\ hat difficult to consider tile drainage except 
as it refers to some particular soil, topography, climate and 
crop. SoiiK^ soils los(' tlicnr gravitational water readily 
without- artificial drainage'. Under some climatic condi¬ 
tions the amount and distribiititm of rainfall may be such 
that the drainage' pro})lem is not serious. Some crops are 
better adapted for gi-owth on wet- soils than are others. 

As a general rule, how('ver, soils locat(*d in humid cli¬ 
mates and containing considerable percteiitages of silt and 
(;la.y, particularly if the land is fairly level, have their pro¬ 
ductive j)()wer for ordinary farm crops improved by some 
syst(*m of artificial drainage. The freciueiicy with which 
the lines of tile can be ]ilaced to advantage* in such soils is 
finally limited by the market valiK* of the crops to be grown 
on the land. In any case* a j)()int is finally reached at which 
it beeumies desirable to consider changing the crops to fit 
the soil and the climate rather than to attempt draining 
sufficiently to satisfy the nee'ds of some* crop which is too 
exacting in its drainage recpiirements. This is at times the 
deciding factor bet w(‘eu alfalfa and alsike c1ov(t. At other 
times it- may be bett(‘r to leave the laud in permanent pas¬ 
ture rath(*r than to att(*mpt to drain it for the production 
of ordinary field crops. 


SOME EFFECTS OF ARTIFICIAL DRAINAGE OF WET SOILS 

King comnumts on the ('fleet of artificial drainage on the 
temp('ratur(' of tlie soil and rc'cords some comj)arative tem¬ 
peratures on some draiiK'd and undrained soils lying adja¬ 
cent to ea(di other in Wisconsin: 
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TABLE XXVI 

Comparison of Tkmpeuatuhes of Drained and Undrained Soils 

Dojir'ph Fahronlipit (King) 


Date 

Time 
of Day 

Air 

DraiiM'd 

Soil 

llmlniinci 

Soil 

Vpril 21. 

1 P M 

(>() 5 

()() .5 

.54 (M) 

\pril 25. 

3 1*.M. 

(14 0 

70 0 

.5S 00 

\pnl 2r> ... 

2 l> M. 

45 0 

.50 0 

11 00 

\pril 27 

2 I’ M 

.5:5 0 

1 I 

.55 0 

1 

.50 75 

\])ril 2S 

S !• M 

15 0 

47 0 

44 .50 


Conner has shown that llie amount of limestone required 
on aeid soils is reduced by tile draiiiajj:e. In a comparison 
of the lime-re(iuir('ment s of some drained and undrained 
experimental fields in Indiana he found the following lime- 
rcHpiirements as nu'asured by the potassium nitrate method 
of extraeting the soil: 


TAHLl-: XXVJI 

Effect of Draina(;e on “Li.mj.-Reofirement" of Sojls -(\»nner 
Pounds Limostoiu- J{e(iuin*d ]ioi 'I’wo Million Pounds of Soil 


Field Location 

Drained 

riidrained 

W'csiporl 

soo 

• 12S0 

North Wrnoii 

ISSO 

2M0 

Worthuigloii 

740 

1000 


EFFECT OF DRAINAGE ON CROP YIELDS 

An interesting record of crop yields on adjacent drained 
and undrained sections of plots is found in th(' data available 
from the experimental farm on tin* Clermont silt loam soil 
in southwest(?rn Ohio. This soil ty])e also covers an exten¬ 
sive area of levTl land in southern Indiana and Illinois. 
The soil is usually farmed by plowing it in long fiarallel 
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lands having finishing furrows between them to provide for 
surface drainage*. In the (comparative tests the same method 
of surface drainage happens to b(c in operation since, as is 
usual in expccrimental work, the* plots are ridged somewhat 
in order to prevc'nt th(c soil from being moved from one plot 
to allot h('r. The plots are 21 f(K*t wide, the lines of tile 
being placcecd hmgthwise of the plots in every second division 
space. The resulting yields of crops on plots which have 
b(*en dr(*ss(*d with phosphated manure and limestone are 
given below: 


TARLE XN\'III 


J'Iffkct of Tile Diiaina(;e on Chop 


Yields ((’leumont Silt Loam) 


1 

Crops firown 
in Rotiition 

Yk' 

Ids on Unfertilized 
Lund 

1 

Inereuse from Manure and 
Liineslone 

1 

I'ndr.'iined 

IjutuI 

Drained 

Land 

TTndruined 

Land 

Drained 

Land 

1 j 

(lr:dn,! 
Rii 

Slulks, 

(’wt 

1 

1 

Grain, iStalks. 

' Rii ' Cwl 

1 

1 ■ ! 
, 1 

Grain, Stalks,; 
Ru ; ('wt 1 

Grain,^ 
Ru 

Stalks, 

Cwt 

(%)rn 

;!d 2 

I 17 0 

-10 s ; 20 s 

12 7 1 1 : 

22 0 

12 4 

SoyiM'ans 

' Id 2 1 

;{() 0 

, r.i T) : 2 ;{ 

' ."• »i 11 S i 

.") 0 

10 S 

Wht'jit 

20 S 

■22 7 

' 21 2 22 2 

! 10 0 1 10 1 

17 

10 0 

(’lover . . 

j 

j 1 

;52 -1 

1 

, 2S 0 

j 1 

1 ir, r, 

! 1 


IS 0 


The data indicate that the soil laek(*d uniformity, since 
the yield on the undrained soil was at times gri'ater than 
that on the draiiu'd soil on the uiifi'rtilized plots. Where 
])hosphat(*d manure and linu'stone are applied there is no 
(}U(cstion as to the (*fi‘eetiv('ness of the drainage in increasing 
tin* yields. Th(* data are suggestive' and indicate ^v)m(cthing 
of th(* ('xt(*nt to which it might seem advisable to make 
('xpenditures in tile drainage in preparation for the growing 
of ordinary field crops. 
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DRAINAGE WITH IRRIGATION 

The ideal amuiscinent in the soil would be one in which 
the water table was kept, under control throughout the sea¬ 
son by drainage and by subsurface irrigation. This is pos- 
sibl(‘ in areas located along bodies of fresh water into which 
the excess water can be punii)ed and from whicii it may be 
returned as needed. Th(‘ large ai’('as of swamp land lying 
around the (Ireat Lakes will probably b(' utilizc'd in this 
manner when economic conditions warrant. Th(‘ overhead 
sprinkling system is also an ('X(U‘i)ti()nally efficient method 
of control of th(* water su])j)ly in coniu'ction with the growth 
of vegetables. Here, again, it is n(‘c(‘ssarv in humid cli¬ 
mates to have the soil well imderdrain(*(l, since irrigation 
may be followed by a heavy rain and injury may result 
from a too prolonged period of ('xcc'ssive water supply. 

It is interesting to note in this connection that it is at 
times found necessary in irrigated distri(‘ts to provide under- 
drainage through which an excess of water may be with¬ 
drawn as a nHians of preventing the accumulation of alkali 
at the surface of the soil. 
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CHAPTER XII 


TILLAGE 


The operations involved in tillage include those of plow¬ 
ing the soil, j)uh'(*rizing and compacting it in preparation 
for seeding and, in the cas(^ of intertilled cro})s, its subse¬ 
quent cultivation. All of these mechanical processes must 
be consid(‘red in ndation to the size and arrangement of the 
soil particles, the (‘liniatic^ ('iivironment of tlie soil and the 
crops to be grown. Ihider certain conditions the topo¬ 
graphic featuH's of th(^ land become of paramount impor- 
taiKH'. 

PLOWING 


Th(' literature on th(^ subject of i)lowing is voluminous. 
Togetluir with other phases of tillage, })lowing is discussed 
at some length in a v('ry interesting and instructive' treatise 
on “ Horse Hoehig Husbandry ” written by Jethro Tull in 
17118. Tull’s conception of the purpose of plowing and cul¬ 
tivation was in ])art erroneous, but his book served to call 
attention to tlu' im])ortance of tlu'se oj)erations in deter¬ 
mining the ])rodiictive capacity of the soil. The imple¬ 
ments of tillage' have' bee'ii very materially improved sine^e 
Tull’s day and the work is ne)w much mem* efficiently deme. 
Ce)nside'i’able attentiem has be'e'ii given te) fitting the plow 
te) the soil e)n which it is to be used. The eh'pth and time of 
plowing have also received ce)nsidea’ation. 


FITTING THE PLOW TO THE SOIL 

King writes that if a se)il has ge)tten out e)f tilth or has 
become cloddy, there is a shape of moldboard, a content of 

93 
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soil water and a depth of furrow slice which will help to 
restore the tilth most (juickly. If, for example, the soil is 
of a sandy nature and is somewhat exeossiv'ely open and 
porous it should be plowed with a steep moldboard, some¬ 
what wet and fairly deep. If the soil has a eonsiderabk^ 
percentage of silt and is not in good tilth it slioukl be plowed 
with a moldboard having only a moderate sk)])e and when 
the soil is somewhat dry. W(‘t clay should be plowed with a 
fairly fiat moldboard and rather shallow. When the soil is 
very dry it will be better pulverized with th(‘ use of a steej) 
moldboard and deeji j)k)wing. 

Ill manufacturing moldboards to suit different soils and 
soil conditions four distinct ty]ies hav(‘ been devi^loped. 
The sod moldboard is long and sIojh's ujiward gently with 
considerable twist which jirevents the furrow slice from 
falling back into th(' furrow and tcMids to break the sod 
apart. The stubble moldboard is cpiite steej) and short 
and pulveriz(‘s the furrow slice as it turns it ov(t. The 
breaker rod and disk t\’pes of j)lows an' found satisfactory 
in soils which will not scour the moldboard. The last 
named is al>o useful in soils which must b(‘ plowed whik^ 
very dry. The use of th(‘ wrong tyjM' of i)low may make 
it almost imjiossible to ])rei)are a good seed-b(*d. A soil in 
a low state of productivity can often be made to jiroduce a 
fairly satisfactory croj), under suitabk' climatic conditions, 
if it is proi)erly jilowed and the seed-bed is given adequate 
preparation. 


DEPTH OF PLOWING 

It is considered good i)ractice to vary the d('f)th of plow¬ 
ing according to the nature of the soil and th(* croj) to be 
grown. Soil is usually i)low(‘d to a gn'ater dejUii for coni 
than for oats or wlu'at. lispecially deej) jilowing has bc'i'ii 
recommended for such crojis as jiotatoes and alfalfa. The 
depth of jilowing is determined in many cas(*s, however, by 
the general level of the productivity of tluj soil and the 
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amount of organic residues, fertilizer and other materials 
available for inc^orporation with it. There is probably 
little to be gaiiKid by plf)wing deep if in so doing the avail¬ 
able mineral nutric'iits and nitrogcai of the surface soil arc 
simply diluted with unproductive su])soil. The plowed sur¬ 
face usually (!ontains the greater portion of the feeding roots 
of plants parti('ularly during th(‘ early period of their growth. 
Subsoil mixed with this may not only dilute the available 
niitricaits, but may have a toxic effect on the young 
seedlings. 

Th(^ experini(*nts which have been conduct(*d on the 
depth of ])l()wing an* unsatisfactory in that the related 
program of soil nianag(‘inent. usually has been inadequate 
when ap[)li(‘d to such an ext(*nded depth as is })roken up 
with the de('i) tillage' iiiii)leni(‘iits. It. is ge'iierally recog¬ 
nized that subsoil is “ raw and if it is to be made a part of 
the surface soil this should preferably be done very grad¬ 
ually. For this reason d('(‘pening the soil has usually been 
att.enii)t(*d by using ('ither a subsoiler, which follows after 
the ordinary moldboard jdow and breaks up the bottom of 
the furrow, or bv the use of a double disk device which turns 
two furrows. One of the disks is behind and below the 
other and Inis littli' tendi'ncy to throw the subsoil on the 
surface although some iiii.ving occurs. 

W’illianis ]‘('])orts data on cro}) yields, following these dif¬ 
ferent nu'thods of ])l()wing, covering a period of twelve 
yi'ai’s at tlu' Ohio Station, from a rotation of corn, oats, 
wlu^at and clovi'r. Thi' ordinary ])lowing was of a 
depth of 71 inches while tiu' double disk plow turned the 
furrow to a depth of 15 inches by the method indicated 
above. 
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TABLE XXIX 

Depth of Plowin( 5 Exi’EiUArioxr on Woostek Silt Loam Soil 


Twolvp-^'par Averapc i)cr Aero 


Crop 

Ordinary, 

71 Inches 

Double Disk, 
ir> Inches 

i 

; Ordinary, 
j wilh SubsoiliiiR 

Corn, l)u 

1 

(>1 1 

oil 1 

01 :i 

Oats, hu 

III 0 

■11) 2 

49 0 

tVheat, bu . ' 

:n o 

:>l 4 

:u 0 

Clover, ewt 

1 

rtii 0 

oO (i 

r>2 0 

1 


Morrow and (lardnor studied tlie effect of different 
deptlis of plowing with the ordinary moldboard jilow on the 
yield of corn in Illinois, with average yields as given below: 


'I’ABLE XXX 

Yield or Cons as I\KLri;.\('i:i> hy Depth of Plowing 
Bliiiois Brown Sill Loam Soil (Si\-\ cat Avcrafic'') 


of Plowiiifi 


Disked Siirlac • 
2 mehes 

4 inchc-^ 

(> incites 

5 iiic!ie.-> 


liusliels ]>er Aen* I 


o(i 1 
oil II 
(ill I 
(111 
71 1 


Other exam])]es are giv(‘n in tlie lit(Tatiire, as review(‘d 
by S('well, which indicatf's that litll(‘ if anything has b(*en 
shown to have b(‘en gaiiu'd by jilowing to a dejith exceeding 
6 or 7 inches. 

DATE OF PLOWING 


A matter of considerable im])ort,anc(‘ in s(‘ctions in which 
the winters are cold and the sumnuT s(‘asons are relativ(*ly 
short is that of the time to plow for best results with spring 
and summer crops. Ordinarily, the distribution of the 
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labor on the farm makes fall plowing desirable. Other 
than this, however, it. has not been sliown that anything is 
gained by fall plowing in the ('entral States which cannot 
be equally well accomplished by early si)ring plowing, unless 
it be that of the destruction of the larva? of insects. The 
undesirable features of fall pk)wing are to be found in the 
failure to take advantage of an opportunity to grow a cover 
crop and the losses whi(;h may oc(tur through leaching and 
erosion. The farther north th(' location the less these 
obj('(d.ions apply. It is apparent that if for any reason 
spring plowing is delayed, the losses by transi)iration and 
evaporation may be such as to pr(*v(*nt the storage of suf¬ 
ficient amounts of water in the soil to satisfy the needs of 
the summer crop in sc'asons of scanty rainfall. 

King comments on the difference in the moisture con- 
t('nt of two adjacent strips of sod land one of wliich was 
])low(?d on April 29th and the other Mas l(‘ft unplowed. 
Sanii)les of soil M ere selected from the tM O anais on May Gth, 
only 7 days later, at M'hich time' it Mas found that the i)loM'ed 
soil contained 1.75 incli(?s more Mater in th(' first 4 feet {)f 
depth than the unploM(‘d. '^I'here Mould undoubtiidly be 
a considerabk' diffcTtaice bet.Meen the wat('r content of 
soils ploM'('d in March and May, particularly if the field 
Mas eo^Tred M'ith a rank gi’OMth of sonu* green manuring 
croj) such as r3^e or SMeet clover. The necessity of ploM- 
ing as far as possible in advance* of jdanting the crop is 
found to be (*si)eciall3" essential in semi-arid sections Mhere 
it is necessary to have the soil in (?onditie>n t.o absorb the 
rainfall and to prevent loss of Mater through transpiration 
by M eeds. 

When plowed soil is stibje'cted to the action of freezing 
tempe'ratiires it tends subsequemtl^^ to be easil^’^ prepared 
for the crop. If the ploM’ing is done in the fall and the 
M’int.(‘r weather is mild, the freezing and thaMnng maj" be 
entirely o\’ercome by the action t>f rains M’hich t(‘nd to 
cause tlu* soil to “ run togetluT ” at times Mhen it is thaM ed. 




(Courtesy, Oliver Chilled Plow Company.) 
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It is for this reason that early spring plowing is sometimes 
better than fall i)lowing if the work can be done sufficiently 
early to be assurcnl of seA’eral freezing nights. Stiff clay 
soils, or those which ai’o somewhat wet or difficult to man¬ 
age, will usually becoiiK^ quite' friabhi undeT such (H)iiditions. 
Extremely cold winters or hot dry summers will usually be 
found to have a marked effect in improving the tilth of 
the soil in the' fe)lle)wing seaseni, pre)bably by re^ase)n e)f the 
dehydrating effect e)f the^se^ proe;csses on the colloidal mate¬ 
rial in the soil. 


PREPARATION OF THE SEED-BED 

If the plowing has been well done the subseKpient prep¬ 
aration e)f Ihe' se'e'e 1-1 >e'el is usually aete;e)iiij)lishe‘el without diffi¬ 
culty. This is jxirticulaiiy true whe're' the se)il has enjoyed 
some years e)f ge)e)el nianage'ine'nt in whiedi attention has been 
given to drainage, the use of lime, and the' incor])oration of 
organic matter with the soil, as well as to good plowing. If 
this has not l>een the case and if the w('ath('r hai)i)ens to be 
unfavorabh', tlie problem of seed-bed preparation is b}' no 
means simple. ]\lnch d('i)emls ni)on the skill and experience 
of the farmer in dealing with similar soils and conditions. 

In i)re]xiring the plowed soil for seed or jdants it is 
desirabk' to make tlu' snrfa.(*e soil fine and free of clods 
while the sub-surface soil must b(‘ compact and also free of 
clods. Tlu' first is essential in order to get the seed planted 
and the second to provide for a continuous flow of caj)illary 
water from the subsoil. For this reason the use of an 
implement which will both compa(*t and pulverize is desir¬ 
able. The objection to the roller lies in the fact that the 
clods are often simply ])ressed into the soil, but not inilver- 
ized. Furthermore, the roller l('av('s the surface smooth 
and comi)act and tends to encourage' the loss of water by 
evaporation. Tlui smoothing harrow has its chief value 
on soils which are in good tilth and as a means of providing 
a surface mulch and killing early weeds. Various other 
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implements are in use which are found to be valuable, de¬ 
pending upon the condition of the soil and the needs of the 
crop. The disk is one of these which is found to be an 
espociallj' efficient tool in breaking up a soil that has 
become too compact f{)r jilanting the crop. The culti- 
packer is a more modern implement combining some of the 
desirable features of tin* smoothing harrow and the roller 
and also being very cffectivt* in pulverizing clods. 

CULTIVATION TO CONSERVE WATER 

Cultivation previous to seeding the crop or between 
the rows of an intertilled croj) was bcdieved to be essential, 
from King's experim(*nt s, in conserving water. In siMiii- 
arid n'gions having a sparse rainfall and a high rate of 
evaporation, dry fanning is practiced, the success of which 
is assumed to lie in the prevention of evaporation for a long 
enough pi'rioil to store* uj) sufficient rain to satisfy the 
requirements of a crop. In some regions this means grow¬ 
ing a crop only every second year, with frequent culti\'ation 
of the soil during the inter\'ening summer. In other regions 
it means plowing the soil some months in advance of plant¬ 
ing the crop and jiracticing cl(*an cultivation to conserve 
the* wat(*r in the soil ami any additional rain whicli may fall 
before the crop is planted. Dry fanning practice's, as well 
as the f)rdinary cultiv'ation operations, are assumed also to 
increase the rate of nitrification so that the; crop is believed 
to benefit from additional supjilies of both water and 
nitrate;-. 

A good review of the data on the effectiveness of the soil 
mulch is given by Sewell, (-all and St!W(dl also report data 
which have been secured from (^xj)eriniental ])lots at Man¬ 
hattan and (larden (’ity, Kansas, in which it was shown 
that continued cultivation tln'oughout the scuison had not 
resulted in any ai)preciabl(; cons('rvation of water or in an 
accumulation of nitrates. In their study of the i)roblem, 
plots of ground, set aside for the purpose, were either kept 
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bare of weeds by being scraped with the hoe or by cultiva¬ 
tion to depths of 3 and (i inches, respectively, in comparison 
with plots on whi(;h the weeds were allowed to grow. Mois¬ 
ture determinatif)ns to a depth of G feet were made from 
time to time during the summer. A comparison of the 
average moisture content, in the fiutumn and spring, of the 
entires 0 feet is given in percentage of the dry weight of 
soil in the following table: 

TABLE XXXI 

IOffuct of Scufac?: Mulch on Consluvation of Water (Call) 
Miirslmll Silt Loam (Manhattan, Kansas) 


1914 

17 93 

-7 2S ! -3 31 

-1 SO 

-0 89 

191 f) 

44 97 

-1.20 i 0 70 

-0 O.”) 

-0 70 

1910 

29 S9 

- () 03 1 -2 39 

-1 19 

-2 30 

1910 (diked) 

29 .S9 

-3 07) ' 0 20 

2 37 

2 88 


From tliis and ttther data secured at Manhattan and 
Garden C'ity, the conclusion was drawn that a cultivated 
soil was no more (‘fTecti\'e than an imculti\'ated one in pre¬ 
venting the ('vaporation of water. In so far as cultivation 
did aid it was assumed to be by the elimination of weeds 
and the prevention of surface* run-off. It was also found 
that nitrification was not materially affect(‘d by cultiva¬ 
tion. 

CULTIVATION OF CORN 

A number of experiment stations ha\’e studied the time, 
depth, and frequency of cultivation of corn in their effects 
on yie^lds. Probably the best summary of this type of 
investigation is that of Cates and Cox in which records are 


Per Cent W.'iter in Autumn CompanKl to 
that in Spring 



3-inch 

(i-inch 

Bare 

Mulch 

Mulch 

Surface 


Riunrull, 
Year Inches, 

; .l:in. (.() Sept 
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given of yields produced by ordinary cultivation as com¬ 
pared to those secured under conditions in which the wc(h1s 
were kept down by scraiiing with a hoe. As a result of 124 
such t(‘sts scattered oAcr 28 states it- was found that the 
yields on the uneulti\'ated plots w(*re practically equal on 
the average' to those on the (uiltivat-ed plots. A wide 
variety of soils was selected and the cliinatht (ionditions 
were quite different. The following table presents a part 
of the data from these investigations: 

TALLE XXXII 

COMrARISON OJ' C’rLTR ATION AM> Sl RFACK S('11M’IN(J ON CoFlN VtKLOS 
Yield of l^ncultivateil Plots as PercetilaRe ^'i(‘ld of Cultivated Plots 


Stjite 

Number 
of 1'csts 

Pcrccntagi 

Yields 

Ohio ... j 

10 

90 

Indiana ... ... ' 

9 

10 .") 

Illinois . 1 

S 

!M 

Iowa ... . 

7 

102 

Mis.s()uri 

;i 

lt):j 

Kentucky . . . 

9 

91 

Sou^h ('arolina 

12 


Virginia. . 

9 

ss 

New Hampshire 

lt> 

112 

Total, all States 

121 

99 

Ten plots most henefiti'd by cultivation 

Ten jilots most injuri'd by cultivation 


09 

l.T) 


These and other cultivation tt'sts indicate that on the 
average little is to lx* gained by cultivating tJie corn crop 
which is not accomplished by any scheme which will elim¬ 
inate weeds as competitors. It is possible*, however, that 
cultivation may rt'sult in injury to the* com roots and that 
the yield obtained is the resultant of benefit and injury 
from the proc(\ss. Th(i Kansas results indi(\‘it(^ that con¬ 
servation of water is of little impe)rtance. apply the 
Kansas data to the corn belt would negk^ct the diffenmees 
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in the rainfall-evaporation ratio. Perhaps the com plant 
prevents loss of water by surface evaporation through having 
a well-distributed root system, a need for large amounts 
of water and a suffici(‘ntly large growth to prevent the 
rapid movcmient of air through the fi(;ld, by which evapo¬ 
ration is hastened. 

In i)ra(!tice th(^ only logical thing to do is t(j begin with 
fairly d(^ep cultivation while the i)lants are young and 
befon'i the root systems are extended, and then to continue 
to r(‘duce the d('])th with each cultivation. By this means 
weeds can be ('radicated and the corn roots least disturbed. 


An ('xcessive number of cultivations beyond that r('(juir('d 
to control w('(h1s has not been shown to be of any value to 
the (Top. In looking over the data of Cates and Cox, a 
few examph's are found in which it is shown that cultiva¬ 
tion incr(^as(‘(l the ^'h'ld by more than oO ])er cent, but in 


otlu'r cas('s its eiTect was to d(‘(T('a,se the yield by an ('(jual 


amount. It is possible that th('r(‘ may be some corn'lation 


b('tw('('n the climate, the soil and the 


crop yield as r(*lat('(l 


to cultivation, but as yet this is not ai)i)arent. 


TILLAGE AND SOD CULTURE IN ORCHARDS 

The r('lativ(' nu'rits of tillag(' and sod (*ulture in the a])ple 
orchard have In'cn discuss('d at considerable U'ligth, notably 
by Hedrick, who was of the ojnnion, from some experinuuital 
work along this line conducted und<'i‘ his su])('rvisi()n, that 
tillag(‘ was much more desii’able than llu' sod culture system. 
Prom these and otlu'r iinestigations it is now Ix'lieved that 
the tillage mc'thod is to b(' (h'siivd, wlu'ii tlu* land is level, 
in that in the proc(*ss nit rat ('s are accumulat('d and the 
soil continiu's to >i('l(l up c()nsid('rabl(‘ (juantiti('s of avail- 
abl(* nitrog('n for tlu' lr(‘('s for sonu' y(‘ars. It is quite 
common in this syst.('m to grow (H)V('r crops during the 
latU'r i)art of th(' season, to be plowed under the following 
spring. It is evident, that the good effects of the clean cul¬ 
ture nu'thod might be more than overcome by erosion if 
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the land was rolling or hilly. It has been found good 
practiee in such sections to follow the clean culture and 
(^()V(T crop system for a fev^' years, until the trecis are well 
established, and then to stoj) tJu' cultivation and make use 
of the cover crops to provide' a mulch under the trees. An 
excellent re\iew of the investigational work on cultural 
methods in orchards is given by Clourley. 


1 Gal], L E , and Snwcll, M C 'J’hc soil iiiuk'h. .lour Amor Soc. Agron., 

Vol. 9. PI) 4‘Mil, 1917. 

2 ('ales, J S , and (\i\, II H 'I'lio w(‘(‘d factor in lh(' cultivation of corn. 

llur Plant Industry, Hul 2.')7, 1912 

3 Gourlcy, .1. II. Text Book of Pomology. Macmillan (\), pp. 112 178, 

1 !» 22 . 

4. Hedrick, V P A coinjiarison of tillage and sod mulch in an ajijile orchard. 

\('w York Agr. K\p Sta , Bui 3S3. 1911 
7) King, 1'. H Physics of .Agriculture 'I'hi' Author. Madison, Wis., 
pp 23S 211, llMll 

0. Sewell, M. (’ Tillage A n‘vie\\ of the literature .lour .Amer Soc. 
Agron . Vol 11. pp 2r)9-291, ]‘>19 

7. Williams, (’ G , and Co-workers Torty-first annual n'jiort Ohio Agr. 
Kxj) Sta , p. 11, 1922 
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ORGANIC MATTER 

Plant residues are a very essential part of most produc¬ 
tive soils. They s(‘rve as a source of food for crujrgy and 
growth of many dt'sirahle soil organisms. In the d(‘(;ay of 
these residues the elements (U)nlained in tluan are liberated 
for the use of ero])s. In addition the carbonic and other 
acids produc(‘d, when dissolved in the soil water, increase its 
solvent action on tlu* liitlurto undissolved soil minerals. 
Plant n^sidues also function as agents to improve the tilth 
of soils and in increasing their wat(T-holding caj)acity. In 
general it may 1)(‘ said that soils are in Ix'st condition to 
produce siitisfactory yic'lds of crops wlaai th(‘y are well 
su[)plied with the refuse of jnevious crops, particnilarly that 
of recent origin. 


THE SOIL “ HUMUS ” 


The early soils literature is fill(*d with references to 
“ humus,” a name which has long been used to (h'signate 
collectivel^y the ])laiit n'sidues which remain after the most 
easily oxitlizable i)ortions hav(‘ b(*en decomposed. Inves¬ 
tigation has shown that, if a soil is first digc's+ed with dilute 
hydrochloric acid, the humus can then b(‘ extract(‘d from it 
by treatnuMit with dilute' ammonia water. The effect of 
the acid is to separate* from the humus the basic elements 
with which it forms insoluble ” humah's ” with the result 
that the “ humic acids ” are released. '^Phese give a brown 
to black (M)lor to the solution of ammonium hydroxide. 

Humus has such an inde'finite inclining and the method 
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of determining the quantity of it in the soil is so empirical 
that the word is no longer in good standing in soil ter¬ 
minology. While it is generally believed that tln^se decay- 
resistant organic n'sidues ha\'e a value ui im])roving the 
physical (pialities of the soil, llie more recent point of view 
seems to be that tin' gr(\‘it(‘st ikhhI of the soil is for fresh 
organic residues, particularly tliose of leguminous origin, 
which are undc'rgoing fairly rapid d(‘conij)osition. It is 
ai)j)arent, therefore, that the determination of the total 
amount of organic mattiT in the soil is of lilth' value unless 
something is known of the cro])])ing system being enii)loyed 
and the i)r()bable source and age of the organic residues 
present. 


ESTIMATING THE ORGANIC MATTER IN SOILS 


The (‘stiniation of the (plant ity of organic matter in a 
soil must be t)as(‘d on some one ('l(*ment contaiiuHl in it. Of 
th(‘se, carbon and nitrogen are th(‘ only oiu's which are not 
present in inorganic combinations as well, luvn with 
carbon th('r(‘ is an excejition in th(‘ carbonates, but the two 
forms can be sej)arated eitlu'r by the use of dilute acids or 
by controlling tlu' tenpK'ratun- in combustion mc'thods. 
The carbon dioxide n'siilling from tlu' oxidation of the 
organic matt(T is usually absorb(‘d and weiglu'd in bulbs 
containing potassium hydroxide. 'I'lie ratio of carbon to 
organic matter vari(‘s consid(‘rably, but it is ordinarily ('sti- 
mat(Hl that a])i)roximat(‘ly oiK^ialf of the latter is carbon. 
Th(‘ ratio of nitrogen to carbon is usually al)out I to ]‘2. A 
study of this ratio in corn-lx'lt soils is given by St(*wart 
who reports it to be 1 to 12.1 on (iS gray and lirown silt 
loams, 1 to 11.7 on 27) black clay h/ams and 1 to ll.S on 5 
peat soils. A soil containing .SoOO jxamds of nitrogcui ])er 
acre to plow dc'pth would contain apiaoximately 4(),()()0 
pounds of carlxjii and twice this amount, of organic matter. 
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SOLVENT ACTION OF ACIDS FROM ORGANIC MATTER 


The several functions of organic matter in soils have 
not been studied sef)arately to any considc'rable extent. It 
is geiKTally r(‘(U)gniz('d that dark colored soils liav(‘, as a 
ruh*, a somewhat grciater productive cai)acity than the 
lighter colored soils of the same' locality. It is not always 
easy in these and similar cases to distinguish between clause 
and effect.. In a jm'vious cha])ter mention was made of 
the fact that, if all of the nitrous acid ])roduced inihe nitri- 


ficalion of sufficient nitrogcui to satisfy the* rerpiiremcnts of 
a lOO-bushel croj) of corn actc'd on phosphate rock, seven 
t.iuK's as much jdiosphorus would be* made available as 
would be nviuii’C'd by the* croj). (Vrtainly a, ])arl of the 
value' of organic matter Tiiust lie in the solvent effect of the 
acids ])roduced in its d(*cay on the mineral compounds in 
the soil. Cameron and Ih'll found that the solubilitv of 
the })otassium of 07 ’thoclase was increased from 1.7 to 2.5 
p.}).m. by saturating th(' watc'r with carbon dioxide. It 
s(*ems (juestionable, however, whether aindhing is gaiiu'd 
in having an amount of carbon dioxide in th(' soil in excess 
of that given off hi the rc'sjiiration of plant roots since it 
tends to bc'conu* toxic in its effects when present in excess. 
This was shown in th(' necessity for ac'rating solution cul¬ 
tures of jdaiits and in the fact that wilting occurred when 
carbon dioxide was aspiratc'd through th(' solution. 


ORGANIC MATTER IN RELATION TO NITROGEN FIXATION 

Ihe function of carbohydrate materials in nitrogen 
fixation jirocc'ssi's has b(‘('n w('ll ('stablislu'd. Following the 
iiK'thods of Ashby, tlu' carboliydrates employed in studies 
of non-symbiotic fixation have usually been mannit, lac¬ 
tose or sucrose. In such experiments, carried on under 
o])timum conditions in laboratory control, fixation at a 
rat(' of 200 pounds or more ])er two million pounds of soil, 
in thrcH^ w('(‘ks’ time, has bei'ii n'peatedly observed. The 
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assumption is that the starch, cellulose and similar carbo¬ 
hydrate materials, in the fn'sh n‘sidues of plants, satisfy the 
energ 3 ' requirements of tht^se organisms in tlu^ soil. The 
nitrogen accumulation in (h'cscroft field at liothamsted, 
previousl.v referred to, amounted to approximately 40 
pounds per acre' i)er 3 'ear. Probably the plant, accumula¬ 
tions resulting from allowing the land t.o “ run w'ild,” fur¬ 
nished the necessary (•arboh^’^drate materials in abundance. 

EFFECT OF ORGANIC MATTER ON PHYSICAL PROPERTIES 

OF SOILS 

The tilth of the soil and its water-holding capacity are 
very much improvi'd bv’ increasing tlu' annnint of organic 
matter in the soil. A comparison of the garden, which is 
usually ver^-^ heavily nianurc'd ex’cr^' 3 'ear, w ith the nearby 
fields, on which the (juantity of manure applied is too small 
to be of any^ particular significance as a direct sounrt* of 
organic matt(T, makes tliis ai)parent. The (‘xjjerience of 
farmers in this connection is sufficiimt justification for the 
b(‘lief in the necessity of a system of farming which makes 
adequate provisitni for the addition of organic matter to the 
soil as a means of inii)roving its working qualities. 

Of grc'utest interc'st and importance* in this connection 
are the means by which the* (plant it.v of organic mat (‘rial 
may be increase'd without sacrificing crojis or parts of crojis 
which hav(‘ a sale or fe(‘ding value. Ordinarily a suitable 
crop rotation such as corn, wlieat and clover, with a re'tiirn 
to th(‘ soil of the manun* jmxluce'd from f(‘(‘ding part or 
all of the crojis, is made to satisfy the r('(|uir(*m(‘nts. The 
valuer of manure is assumed to be not only that of n'turning 
the iK'cessary mineral (deaiK'uts and nitrogen to the* soil, but 
also one* of adding to the su])i)ly of organie; matt(‘r. This 
is one n^ason why inanun' is pr(*ferred in many (^as(‘s to the 
inorganic fertilizers. Because of the enormous numb(‘r of 
bact(‘ria contained in it, manure may at timers have an 
added value as an inoculant. 
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Fin. 14 . —“Soils tire in best condition to produce siiti-sfuctory yields of crops 
\vli(‘n they art' well suj)])li(*(l with the n-fiise of previous crops, particularly 
tlial of recent oriffm.” 


RELATIVE VALUES OF MANURE AND FERTILIZER 

Of remit yt'tirs tlie (iiK'slioii of the substitution, in part 
or in whole, of h'rtilizers for nianiin' has brought this prob¬ 
lem of organic nijitt(‘r maintenance and inci-ease to the 
foreground. It is intiTesting to compart' the yields of 
crops produced by manure and hudilizers and to study t,he 
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content of organic matter in the soil following the two dif¬ 
ferent methods of supplying the miiu'ral needs of plants. 
Thorne lias eoniiiK'iited on tlu' fact that, fertilizers are more 
efficient than the same amount of mineral elements and 
nitrogen supplied in the form of manure, and (juestions the 
value <if th(‘ oigaiiie matter in the manure beyond its 
capacity to yi(‘ld u]) the necessary elements to crops. A 
somewhat better concejition of this is probably to be found 
in the assumption that the organic mattcT in the soil is 
increased somewhat in jirojiortion to tlu' yield of the crops 
produced, through the residue's h'ft behind in their roots 
and stubble, and that, if fertilizers gi*ow larger crojis, the 
organic residues may Ix' enough more than those jiroduced 
from the use of manure to compensate for the organic 
matter supjilied in the manure. The folhming table is of 
interest in this conm'ction as bearing on the I’elativc yields 
produced by manure and fert ilizers: 

TAliLi: XXXllJ 

CoMi'Ajti.soN ()!•' Yiklds in ]\1 wruio and Fkktilizkrs 


f';ir A\ cniirf \ id 

(U 1 Woo'.ler Silt 1, 

iOaiM Si III) 


Treat m(.*nl * 

lertilizers. 

' Mamin', 

Maiiiire, 

Quantities Sii|)i> 

lOllO Ll)s 

S 'J’ons 

ID '^I'olis 

Nitrofieii, Ills 

7C) 

72 

141 

Phosiihorns, 11 »s 

U() 

21 

1 1 

IS 

I’ol.USSllllll. Ills 

IDS 

i 

r)i) 

112 

1 

Yield p(T acre. 

j 



(-orii, 111! 

4ti s 

12 1» 

7)2 5 

Oats, 1)11 

ol 2 

.') 

4(i (i 

Wheat, 1)11. 

2s 1 

ID <; 

21 1 

Clover, ev't 

2;» s 

2(; s ' 

.{(■) 9 

Timothy, e\vt 

;n .') 

ill 2 

11 4 

t'f-rtili/crs (livi(l(>(J fiiiiorif; corn, oiils 

and uiical Miinuo 

‘ iliuilcd lictvii' orn and 


wlicnt 
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RELATION BETWEEN CROP YIELDS AND CONTENT OF ORGANIC 

MATTER IN SOILS 

The relationship between crop yi('kls and the amount of 
organic matter which accunmlat(;s in tin* soil in the crop resi¬ 
dues is shown in liie work of B('ar and Salter, who examined 
the soils of a series of ferliliztT i)lots aft('r fiftecui years of 
cropping in which all th(^ cro])s had Ixmui removed from the 
soil as produced. The only j)ossibl(‘ source of tin* accumu¬ 
lated organic matter was the residues left behind in their 
roots and stubble. Where nianun' was af)[)lied some 
organic matter was added and tin* comparison is interesting 
for that reason. 

TABLE XXXIV 

I'.FFI.f'T OI- I''i;UTILl/.i:!l'< ()\ Arct MFLVTION of AIattkk 

Dlkalk Silt Low Soil (Di'imn-. lak Pfuiod) 

All ('rofis ll;ir\ oted mid Ki'inovcd 


1 

j 

TmitiiKMit of Soil 

Fertilizers 
Applu'd 
in lo Year" 
Tons 
jK'i Acre 

'i’otal 

' I’rodiiee 

111 In ^’eai> 
I’outids 
per Acre 

< Iryaiiie 

1 Malti'i ii) 

' Soil at J'Aifli 
J’oiinds 
per Aeri* 

No fertilizer 

Xoiii' 

; lO.'MiO ' 

12.S()0 

(^iruplele ferlilizer 


iir.'.no 

(iO.SOO 

Miimire 

BK) 


7;M)00 

Coinjilele fertilizer imd Iiiih* 


IL'O.dOo 

40,000 

Miitiiire and lime 

■j 12'.* 

1.72.1(10 

o.-.,ooo 


' 1’' toll-, of lull Ill'll li me 

The manure and fertilizers wen* lioth added in liberal 
amounts. The manun* can'ied considerably more of nitro¬ 
gen and of the mineral el(‘ments than the h'rtilizers, sui)ply- 
ing, for example, 2t)()() i)oimds of nitrogen ])er acre during the 
fifteen-year p(‘riod as compan'd witli (iTo pounds of nitrogen 
in the complete fertilize'!’. Flu' inte'resting phase of the 
comparison lies in the accumulation of organic matter in 
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the soil, resulting from the application of purely inorganic 
fertilizers made of nitrate of soda, acid phosphate and sul- 
j;)liate of potash. Supph'riienting th(‘ fertilizers and manure 
with lime increased the total produce, but decreased the 
accumulation e)f organic matter. The addition of lime 
stimulated bacterial action to such an (extent, that the rate 


of decomposition came to equilibrium witli the organic 
matter accumulating ca])a(*ities of the roots and stubbh' 
of the crops at a somewhat lower content in the soil. A 
variety of cro])s were grown in the test but these would 
probably correspond fairly well in their effect to that pro¬ 
duced by such a rotation as corn, wheat and clover. 

The cok)r and physical characteristics of the soils of the 
plots receiving liberal a])])lications of manure and fertilizers, 
and for that reason growing much larg(T crops and accu¬ 
mulating more root and stubble rc'sidues, were markedly 
different from those of the unha-tilized ])lots at the end of 
the fifteen-year period. It. would ai)pear that soil organic 
matter is largely a by-product of tlios(' binning practices 
which result in large croj) yiidds. I’he residual eff(H*t of 
fiTtilizers and manun* may 1)(‘ in part due to th(‘ accumu¬ 
lated residues l(‘ft behind by the larger crops grown as well 
as to any unused miiuM’al eh'ments or nitrogen which may 
ha\'e been supplied. 


EFFECT OF GREEN MANURES ON CROP YIELDS 

\^’here green manuring crops, heavy root and stubble 
growth of hay ci-of)s or nwdues of any recently grown croj) 
are plowed under it would s(‘(‘ni logical to believe that the 
mineral ehumaits and nitrogen contained in these would 
soon become usable for the succeiuling cro]). Pieters has 
prepared an (‘xtiaided ri'view of the literature on the effect 
of green manuring crops or crop njsidues on tin; yields of 
the crops following. Among the data given are some 
recorded by Siiunders and Shutt of Canada which are of 
especial interest in this connection. The clover was grown 
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as a catch crop and plowed under the subsequent spring 
and the plots were jdanted to oats, which was followed by 
corn and potatoes. The yields were as follows: 


TABJ.K XXXV 


EKri'X’T f)K C'loxmi as a 


(JmoKN M\xri{iN(i C’iW)p fCaniida) 


I’ri'vious t’ro]) 

Oats, i 

Bushels 

Fodder C^oni, 

]^)tatoes, 

Bushels 

Wlipjil—no flov<'r 

(W .5 

If) 4 

3.')8 

Wheal-clover 

72 y 

22 S 

ilOO 

Barley—no clover 

(>1 1 

17 ‘A 

.Slfi 

Barley—clover 

70 o 

2:i (i 

.‘iSG 

Oats—no clover. 

r,s s 

IT) 0 

.‘l.'iS 

Oats—clover. 

1 

70 o 

20 1 

:?02 


In each case the yi(*lds were v(Ty materially increased 
by the use of clover, and th(‘ good eff('cts carri(*d over to the 
corn and tlu‘ i)otatocs following. A i)art of this may be 
accounted for by the increased amount of nitrogen which 
is assumed to liave been fixed b}' the clover. Lyon and 
Ihzzell’s work would indicate' that clover may be more val¬ 
uable than a non-legunu' as a catch crop, not only because 
t)f the nitrogen which the crop has accumulatcMl from the 
air, but also because the clover residue's are more readily 
nitrified, })robably because f)f a juore favorable nitrogen- 
carbon ratio. Pieters concludes that the evidence on the 
value of iion-h'guminous green-manure crops is inadequate, 
but. that the good effect of legumes when used in this capac¬ 
ity has been well established. 

SOME IMPORTANT CATCH CROPS 

The economy of gi*owiiig a crop purely for green ma¬ 
nuring purposes seems doubtful if this means the loss of the 
use of the soil for a crop season. Catch crops can be used 
to adxantagc between other crops and under good man- 
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agcmoiit may satisfy the organic matter requirements of 
the soil. They serve to conserve nitrogen and to prevent 
erosion as well as to store up a sii})j)ly of readily available 
mineral nutrients for the next croj). Th(‘ choice in catch 
crops is somewhat limited in th(‘ Northern States but a 
great variety an' a\'ailable for the Southern States where 
they are most s('rioiisly nec'ded. South of the Mason and 
Dixon line, crimson clo^•er is a valuable winter catch crt)p. 
North of this line, rye and xetch are in most common use. 
Of recent years sweet clover has come into j)rominence as a 
catch cro]) to be sown with small grains for plowing under 
the following s])ring in ]weparation for corn or some other 
cultivated crop, himestone and inoculation are the two 
outstanding requirements of tliis crop. 

Whiting and Hiclimond give some data on the height, 
weight and nitrogc'ii cont(‘nt of sw('('t clover, at dates when 
it was })lowed under for corn on experimental hclds in Illi¬ 
nois, which are significant: 

TAIU.K xx.wi 

WiaciiTs wi) NiTU()fa:N Covti.xt ni Si'itiNc. (litowTit of Swkkt ('lovkii 

IN Il.lJ'OlS 

CalfuJrilcd on Arrc Jia"!- ^WllI1lnf^) 


Field 


Date of 

lleiulit. 

(Ireeii \\ (>ifihl, 

Nilroj;(M), 


S.iiiiplin^ 

inelie," 

1 

'J'oll!' 

Founds 

Urliaiia 


! May 2 

1:5 

r> s 

OS 

Mmonk 


April lid 

12 

0 1 

idl 

.I(iljet 


Ai)iil2a 

0 

7 0 

laa 

Toledo 


; .May a 

2d 

12 S 

IOC) 

Newton 


May 10 

22 

12 ti 

iss 

Raleijrli 


May 1 

10 

12 7 

1 , 

120 

Enfield 


' May 1 

' is 
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By plowing under this fn'sh k'guminous material it was 
found that an abundances of nitrate nitre)gen was j)resent 
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in the soil during the growth of the following com crops. 
Undoubtedly coiisidc^nibh' iuiiounts of phosphorus, potas¬ 
sium and other (‘ssejitial (^leni(‘rits wc^re yielded up by the 
sweet clover in lime for the corn crop. 
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CROP ROTATION 

The farther roin()\'e(l the soil is from the virgin state, the 
more neeessarv it hc'coiiies to eonsider crop rotation as a 
means of economizing in the resf'urces of the soil, and as 
an aid to the control of diseases, insects and weeds affect¬ 
ing the crops grown. Economy in the use and distribution 
of labor also forces the ado])tion of the rotation principle, 
particularly as tlu' farms become smaller and the diversity 
of crops increase's. A consideration of the relationship of 
crop rotation to successful fi(‘ld management is given by 
Parker in which the gi’C'at variety of iiiterndated reasons 
for th(‘ practice are made a])parent. 

CONTINUOUS WHEAT AT ROTHAMSTED 

Because of the length of time during which the tests 
have been under way, the (iontinuous wheat ex])eriment on 
the Broadbalk h'ield at Rothamsted is of especial interest. 
The soil is a cherty clay loam fairly lilx'rally supplied with 
the mineral elements and containing an abundance of car¬ 
bonate of lime, ^^'heat was sown on these plots in 1844 and 
has been grown continuously ev(Ty year since. The cli¬ 
matic conditions an^ favorable for high yields. By the 
u.se of liberal amounts of manure and fertilizers, the yields 
have been maintained at a rather excefitionaliy high level 
during the entire period. The following table shows 
the average yields on certain of these jilots by ten-year 
periods: 

IIG 
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TABLE XXXVIT 


Continuous Wiikat in Buoadualk Field (Rotiiamstkd) 
Average Yields in Bushels j)cr Aero 


P«5ri()(ls 

Uiim.TiiurofJ 

Manuri'd * 

Bi'st F<*r1iliz('r t 

1844-.^)! 

17 2 

28 0 


18.')2 61 

IT) 0 

‘M 2 

36 1 

1862-71 

14 

37 r, 

10 .') 

1872-81 

10 4 

28 7 

31 2 

1882-01 

12 6 

38 2 

.38 4 

1802 01 

12 

30 2 

38 r, 

1002 11 

10 0 

.3.") 1 

37 2 


* 1 1 loiiM ;ilitiu:i1Iv 

1 ll/iO pounds :iii)iii:illv of !ipprt)\iniaffly a 1.1-f)-9 ftTlilizor loKftlifr with .'500 pounds 
of Nodiuin iiiid iiiairni-Muiii sulphiitfs 


NotAvithstaiiding the favorable opportunities enjoyed 
by the parasites and eoiiijic'titors of the wheat crop, the 
failure of such a system of crojiping to take advantage of 
the opportunities to maintain a somewhat more favorable 
mineral balance in the soil such as is assumed to result from 
a well-selected croj) rotation, and the lack of any attempt 
to supplement the nitrogen resources of the soil by the 
growth of legumes, tlu' yields have been maintained at 
what might lie considered a remarkably liigh level on the 
unmanured plot. On the j)lots receiving manure and fer¬ 
tilizer, the yields have benai exceptionally heavy. No men¬ 
tion is made in the literature of any especial difficulty 
with plant diseases or insects, but it has been necessary for 
many years to cultivate the wheat with hoes in order to 
eradicate troublesome weeds. In 1914 the west half of the 
plots and in 1915 the east half was fallowed of necessity as 
an aid in controlling weeds. 

The amounts of manure and fertilizers used in these 
tests were much larger than ^\'ould be reciuired to produce 
such yields under more fax'orable systems of soil manage¬ 
ment when accompanied by a suitable rotation scheme. In 
the Agdell Field nearby, on which the Norfolk rotation of 
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wheat, barley, turnips and clover or beans has been fol¬ 
lowed since 1884, the average yield of wheat covering the 
intervening period to 1011 has l)een 24.lt bushels on the 
Linmanured plot and ItS bushels on the plot receiving min¬ 
eral manures b\it no nitrogen. T.arger yields are produced 
with greater economy by following a suitable rotation 
scheme. 

EFFECTS OF ROTATION AND CONTINUOUS CROPPING ON YIELDS 

Another interesting test of the cai)acity of soils to con¬ 
tinue to produce cro])s without tlu' use of supplemental 
manure or fertilizers is givcui in th(‘ Ohio hlxj)erimenl Sta¬ 
tion data from Wooster. A coin])arison is j)ossible bet ween 
the yields of corn, oats and wh(‘at when grown (continu¬ 
ously and wh('n grown in rotation with clov('r and timothy. 
Th(‘ soil, Wooster silt loam, is not naturally highly ])ro- 
ductive although it n'sjKUids (\\ce])tionally well to f(T- 
tilizers and manure. The yh'lds cov(Ting the t wenty-tiv(‘- 
year period from 1894 to 1018 follf>w: 

TAliLK XXXMll 

CoMrAui'^oN C'oxtim oi s (’koi’imnc. wd Rotxtion 

No FKRTiijiZKits—R otation Coun, Oa’jn, \\iik\t, (’i.ovku, 'riMoTn\ 
2r»-Y<*ar Avrrafrf' —R^l^ll(■!^ T’rr Ar-rc 


C'orn 


< )!ltS 


\\ heal 


Years j" , . ■ 

'('ontinuous Rotation ('ontiniious Rotation ('onliniioiis' Rcjtatn 

I I 1 


1S‘)4-1S9S 

li 

: Ml S 

JS 1 

MO <1 

10 0 

0 J 

ISU9 RMi:{ 

Hi 7 

MO s 

JO 4 

Js M 

1 

s 1 

S .") 

looi-iaos 

10 -1 

Ml 0 

J1 t» 

Ml :> 

0 1 

IM 0 


S A 

‘JO M 

IS 1 

■ JO 1 

1 

o 1 

11 M 

laia Rus 

0 1 

■ J1 7 

JO 1 

10 J 

S 1 

1 1 M 


A variety of explanations for th(‘ better yi(‘lds with 
rotation may b(‘ giv('n. The soils in\(‘stigator would sug¬ 
gest the eff(‘ct of th(‘ h'gume in connection witJi nitrogen 
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fixation; the more nearly ecjual distribution of the mineral 
losses from the soil; the bettc'r control of competing weeds 
and of parasitic soil organisms; the checking of lossc^s by 
leaching and erosion: the addition of more organic matter 
by the growth of clover and timothy; and other reasons 
which will b(5 discussed later. 


EFFECTS OF CROPS ON THOSE WHICH FOLLOW 


It will be recalled that the “ toxicity theory ” of soil 
unprodu(!tiv(*n(^ss was bas(‘d on the assumption that plants 
excretiMl substances during growth which were toxic to 
other plants, particularly those of the same species. Sub- 
secpient investigations have shown, apparently, that the 
t)nly ('xcretorj- product of ])lant roots which might b(‘ 
assunu'd to cause injury to the same or otluT croi)s is car¬ 
bon dioxid(‘. In the absence' of cultivation it is ]){)ssible 
in heavy oj‘ w('t soils that i‘('duction products might rc'sult 
from the d(*ce)mj)ositi()n of organic matter wdiicli might be 
toxic to jilants or to soil organisms. The (plantity of 
toxic inorganic compounds ill the soil solution might also be 
increased by growing plants which had a consideralde ik'chI 
for calcium. 


(\'rtain fi('ld oljsc'iwations ha\'e resulted in the bi'lii'f 
that crop se(|nence is an important ]iart (►! (Top rotation 
and that ('ach cro]i in some way afh'cts the crop following. 
This is ('vid('nc('d 1 )y th(' differences in vields of the same 

•i • 

(Toj) w'hen following a variety of other crops gi’owii for 
the spi'cific purjiose' of testing this point. .V rather remark¬ 
able examjik' of such difh'rences in yk'lds is give'ii by Hart¬ 
well and Damon in some Itliode Island data on this sub¬ 
ject. in which a seih's of plots, producing difh'rent crojis, 
w('re planted, after two y('ars, to the same crop. Siilise- 
quently th(' original crojis were grown another two y('ai ; 
and a common crop planted ()^’er the ('iitin' seric's a si'conil 
time. The three common crojis grown were onions, buck¬ 
wheat and alsikc clover. 
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TABLE XXXIX 

Effect of Crops on Yields of 'I’hose which Folwiw (Hartwell) 

A DifTm’iit C’wp on Each Plot 'I'wo Years—A Connnoii Crop One Ycjiir. 
Yields of C'oininon (Voj)s in Bushels or Hun(lre(lwei|E:hl. per Aero 


Prc'vioii.s (lrD]> 

Onions 

Bnckwh(>iit 

Alsiko 

Onions 

2S9 

20 S 

70 

Potiitocs 

110 

‘>o 7 

70 

Boots . - 

72 

20 f) 

7:i 

Turnijis 

00 

:i;? s 

74 

C^iiWhiKO . . . . 

ss 

20 2 

7.1 

Buokwlioat. 

112 

i:i 0 

70 

(Jorn 

2S() 

.f-) 1 

7(1 

Millot 

;uo 

1 4 

(■)(> 

Onts. 

;Mt) 

1.') 0 

7.{ 

Rye . . 

1S7 

21 r> 

S.') 

lied top . . 

7)21 

0 ( ■) 

S(> 

Timothy . .. 

:i()2 

1 4 

7t) 

Alsiko I'lovc'r 

41.'') 

7 :i 

.'■)() 

Red clover 

240 

7 7) 

.'i:? 


* \lsiLi‘ jri'iwii l«ii M'ais 


The variation in th(‘ yi(‘ld of the following crop is most 
marked on acid soils such as those on which the Hhode 
Island tests wen^ conducted. A subsefpient bulletin pre¬ 
sented data which indicated that the yield of the onion 
crop, which grows best on limed soils, was largest following 
the previous crop wliich least affected the soil reactirm, viz.: 
redtop. It is possilih^ that in other cases the explanation 
may be found in some other elemeni. The observation of 
Lyon and Bizzell, previously noted, would indicate that the 
residues of crojis may vary in their effect on the subseciuent 
rate of nitrification. 

CROP SEQUENCE IN ROTATION 

It is a matter of common knowledge in the Ckmtral West 
that the yield of whciat following oats, tobaccro, potatoes or 
soyb(*ans is usually considerably higlier than that following 
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corn. In the ordinary grain belt rotation it is a matter 
of eonsiderable importance to determine whether tlie 
sequence should be corn, oats, wheat, (dover; corn, oats, 
clover, wh<!at; or corn, wheat, oats, clover. Factors other 
than the soil may decider this point unhiss it is shown that 
the yiedds may be considerably better with some other 
se(]uence. 

Jhe fact that the differences in yield, as related to the 



Swort CloVlT 

Utilinii-d 


Ek;. 15. “Tlu* iinport.-incc of the IcKunic drops in Kononil farming rotations 
is siicli as to inak(' it dcsiniMc to watch carefully any limiting factors 
which tend to i»reveiil their successful growth.” Photograph from Ohio 
J'].\r)erimiait Station luirni a( Wooster 


previous cro]), are magnified on acid soils would make it 
ajqiear ad\'isal)le to arrange tlu' cro])s in the order of their 
need for lime, once it had been apiilied. The (piestion also 
arises as to whether it is desirable to at.ttnnpt to fit into the 
sanies rotation, (trojis having siudi different lime-re<iuirenients 
as, for exanqde, alfalfa and oats. In acid soil sections it 
is easily ])ossible that, oik' fitdd could b(^st be set aside for 
alfalfa and dt^voted almost, ex(dnsi^'ely to that imrposc, 
with lil)(*ra.l ap])li(;ations of limestone and phosphate, while 
the remainder of the farm might be devotinl to otluT crops 
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in rotation which wore Iorr RcnRitive to acid soil condi¬ 
tions and to which h^ss lime need be applied. The popu¬ 
larity of sweet (dover as a green manuring (Top may pos¬ 
sibly wane when the soils Ixicome more acid if it is found 
impracti(;able t,o maintain the liiiK'stone content at a point 
sufficiently high to satisfy the recpiinaiuaits of such a crop. 
On the other hand, it is possible that the valine of these crops 
for s()il-imi)ro\’ing purpose's may justify the use of enough 
liiiK'stoiK' to guarantee tli(;ir successful growth. 


THE LEGUME CROP IN GENERAL FARMING ROTATIONS 

The imp(»rtance of the legunn' crops in geiK'ral farming 
rotations is such that it is ('ssential that careful attention 
be given to the control of an3'^ factors whierh tend to pre¬ 
vent tlu'ir succ('ssful growth. Of particular inten'st in 
Corn licit rotations is the popular little red clovc'r. As 
soils become olch'r and sonu'wliat deficient in available 
mineral eh'inents as w('ll as in carbonate of lime, this croj) 
usually" giv('s way gradually’ to alsike cloviT, which may 
subse(iiientl\" jdc'ld to tinioth\'. TIk' remed\’, as a rule, is 
th(' nion^ liberal us(' of phosidiatic fertiliz('rs and tlu' ap])lica- 
tion of limestoiK'. Of r('C('nt y(*ars more difliculty has 
been exp(*rienced with ceitain insf'cts and disc'ases which 
attack red (dovxT but which are not troubk'some with alsike 
or sweet (;lo\’er. Particular na'iition should be made of 
clover anthra(ai()se in tliis connc'ction. The rc'nuxlv" lies 
in the lengthening of the rotation or in tlu* substitution of 
other legum(\s every othtT time around th(' rotation. Sim¬ 
ilar troubles an* exjx'ric'iicc'd with other legunu' crops. It 
seems desirable to add that tlu', loss(*s from disc^ases and 
insects will be much less if attention is given to maintain¬ 
ing an adeejuaie supply of miiuu'al (‘l(*ment,s in the soil and 
a favorable redaction of tlu; soil solution. Som(;thing (;an 
be done in choosing the legume to fit th(; (;onditions. The 
suVjstitut ion of non-legumes is not feasible; (;xcept in mon; 
intensive systems of farming in which the selling price of 
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the crop is sufficiently high to justify the purchase of the 
necessary fertilizer nitrogen. 

INSUFFICIENCY OF CROP ROTATION ALONE 

Hopkins has (tailed attention to the fact that crop rota¬ 
tion cannot b(' considercHl as adding anything to the soil 
(exce})ting nitrogen secur(*d by the nodule organisms of 
clover and evcai the gain from this source is qu(‘stioned if 
the crop is harvested and reiiKA'ed) but that it ver}’^ def¬ 
initely increase's the rate at which the ek'ments are removed 
from the soil bj’' reason of tlu^ larger cr()i)s grown. C’ouplt'd 
with a system of livestock farming in which th(*se crops 
are re'turned in large part as manure, or with ade([uate 
provision for tlu' return of the essential miiu'ral ele'inents 
and limestone in commercial forms, rotation he'lps t,o improve 
the productive capacity of the soil as the years advance. 
Failure to tak(‘ into consideration the requirements of these 
larg(' yields soon results in the exhaustion of the available 
mineral nutri(‘nts and in a reduction in yic'lds even on the 
best of soils and with th(' most desiral)le rotations. An 
example of this is afforded by the Pennsylvania FiXperi- 
ment Station data in a rotation of corn, oats, wheat and 
clover growing on a naturally productive' residual limestone 
clay loam soil, of the Hagerstown s('ri(*s. The yields follow: 

I'ABLE XL 

Rotation without IUani ui; t)ii Fkiit!li7.i:i{s (I’kwsyi.vama) 

Total Acri’ ProLlucc of ('orii, Oat's, \Vlu*al and C’lovcr 


Hotal ion 

I'ounds 

Is'irsl 

14,t)Sl 

Socoiid . 

14,.14:3 

Hiird. 


Fourlli . . 

o,r)(i;3 

Fiftli . 

9.S17 

Sixlli 

s.,s;;7 

Sovontli 

S,9.^.7 


* AvcruKP unfertihwil yu-lds for (ho c'litirc juTiod ISSU ItlKi hnvo t)e(‘ii .tS S bushels of 
corn, !3I o of oats, VJ 5 of uuJ ;i(> <* <■«( of clover 
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CHAPTER XV 


THE CONSERVATION OF SOIL NITROGEN 

While the avonise soil contains about 3500 pounds of 
nitrogen per acn* to j>low depth, with smaller percentages 
in the subsoil, the air above each acre is (*stimated to (;on- 
tain seventy million pounds of this element. This is avail¬ 
able for use l)y plants, assuming tliat advantage is taken 
of the capacity of nitrogini fixing organisms to change it 
from the gas('nus to the combined state from which it may 
subsequently b(‘ lib(‘rat(‘d for the use of crops in the nitri¬ 
fication process. Tlu* (‘(*onomy of soil nitrogen presents a 
peculiar prol)lem in anoth(‘r way by reason of the solubility 
of the nitrates and tlu'ir t(‘ndency to be h'ached from the 
soil. There is a further com})lication with nitrogen in the 
possibility of loss tlu’ough denitrification in which case the 
eh'iiH'nt is returned to th(‘ air in the elemental state. Such 
losses are probaldy somewliat limited and yc't they may 
occur under anaerobic conditions. It is generally assumed 
that if the problem of iiitrogcai economy has Ix'cn solved 
t.h(* ])robl('m of soil manag(*ment has been very materially 
simplified. 

COMBINED NITROGEN IN RAINWATER 

Liebig was of the o])inion originally that the ammonia 
of th(' atmospluTe served to renew the nitrogem of the soil. 
Lawes and (Albert’s controversies with Liebig were, among 
others, concerning this point. They subs(*qucntly found 
that^ the total (‘ombined nitrog(Ui in th(‘ rainfall at Rothani- 
sted amount(*d to only from 3 to 5 pounds per acre tannually. 
A review of these and subsciiuent investigations on this 
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subject, by Wilson, iiidi(\‘ites that in some cases the amount 
of nitrogen from this source may even b(' as much as 10 
or 15 ])ountls j)er acre, tlie quantity b(‘ing probably related 
to th(' rainfall and to the nearness of industrial plants con¬ 
suming large amounts of coal. At Wooster, Ohio, the 
nitrogen content of the rainwater has been from 6 to 7 
pounds yearly, with a rainfall of 37.9 inches. Such amounts, 
while iiiad('(|uate to coinjMMisate for losses occasioiK'd in 
th(‘ removal of croi)s, serve as a sup])lemental source of 
nitrogen sudiciently large to have considerable influence 
in the economy of nitrogen over a period of years. 


EXPLANATION OF VALUE OF LEGUMES IN ROTATION 

The good effect of legumes on th(‘ crojis which follow has 
long been known. Lawes and (Gilbert early discovered that 
legumes contained relativ(‘ly high ])ercentages of nitrogen. 
It was geiH'rally assunu'd that they functioned in some way 
as agents for the renewal of the nitrogen in the soil, but 
evidence of their nitrogen-fixhig ca])a(‘ity was wanting. A 
considerable amount of invest igatioiud vork was conducted 
by Lawes, (iilbc'rt and Pugh at Pothamsted, by Houssingault 
in France, ])v Atwater in Connecticut and by llellriegel 
and Wilfarth in Cennany. 'Fhe tinal proof tliat nitrogen 
fixation was a function of the nodule organisjii was announced 
by Hellriegcl before a meeting of research chemists h(‘ld in 
Berlin in ISSh. In this rej)ort it was shown that all that 
was ne(‘d(‘d to mak(‘ a h'guine grow on a sandy soil con¬ 
taining little or no nitrog(‘n was the ])r(‘senc(‘ of the min¬ 
eral (dements and an c'xtract from a soil which had pre¬ 
viously grown this l(‘gume. All of the jdanis whi(di grc'w 
suc(;essfully und(‘r such conditions carried noduh^s on thcur 
roots. Subsc'iquently it was disco\'ered that it was not 
essential that the Bacillus radicicola b(‘- associated with 
higumes to fix nitrogen but that this cooperative arrange¬ 
ment incnjased their efhcjkiin^y. 

Very carefully controlled tests have shown that nitro- 
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gen fixation is not a function of the leaves of legumes but 
that it is aceoinplishecl solely by the nodule bacteria. The 
nature of th(^ first nitrogen product synthesized is not 
known but aniinonia and asparagin have been suggested. 
Once the nitrogcai is built into protein coTubinations in the 
nodule organisms or the legume, it is i)r()])ably a\'ailable 
to other crops only through nitrification. As to whether 
any associated non-legumes are benefited by nitrogen fixed 
by th(^ nodule organisms is uncertain. VN’hile the content 
of the nitrogen of the associated non-legumes has been 

shown to be increased, this mav be bv reason of the fav- 

«. • 

orable effect of the legume on nitrification. 


INOCULATION OF LEGUMES 

In Hellriegel and Wilfarth's experiments it was noted 
that inoculation wm,s not accom])lished in certain cases 
unless the soil extract was s(‘cured from a soil on which 
the particular legume had been previously grown. After 
some years of investigation f)f this problem, the conclusion 
has be('n r(‘ach(‘d that tliere aie either s(‘veral s})ecies of 
the no(lul(‘ (»rganisms or that, by reason of th(‘ir long asso¬ 
ciation w’ith th(‘ difT(T(‘nt. species of legumes, they have 
becuniu' adai)t(Hl only to tin* s])eci(‘s or family with wliich 
they have b(*en a-ssocinted in Jiodule formation. Tor tliis 
reasrm it T fpiite common to find examples of failures of 
legume cro])s for which no exjdanation is available exce])t 
that they an' ik'w to the field in which they are idanted and 
that the m'cc'ssary sjx'cies or adaptation forms of nodule 
organisms an' absent from the soil. '^Phe tlifficulty has 
often l)('(‘n overcome by the use of soil taken from a field 
on which tliat specie's of Ic'gunu' has Ix'en grown j)reviously, 
or of inoculating material j)r('i)ared from ])ur(; (ailturcs of 
the organisms secun'd from tlu' nodules of the' same legume 
siK'cies. Th(' success of artificial inoculation has been such 
that legunu* failures are ofte'ii credited to lack of inoculation 
when the limiting factor may have been insufficient phos- 
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pliatc or (carbonate of liino, iiiadoquati' drainage or perhaps 
the presence of some disc^ase. 

Ordinarily, successful inoculation may be accomplished 
by sowing a few hundred j)oun(ls of soil ])er acre or by 
moistening the se(*d with a suspc'iision of the inoculated soil 
in water. At times it is more conveiiic'iit U) use commer¬ 
cial cultures, many of which liav(‘ been found to be reliable. 
The Ignited States Departnumt of Agiiculture and several 
of the state experiment stations have Imh'ti distributijig 
pure cultures of nodule organisms to farmers at, cost. A 
number of commercial concerns also produce them for sale. 
A variety of culture media ha\x' been suggested for us(‘ in 
connection with the gr'owth and distribution of these cul¬ 
tures of which the following is an examjde of one which has 
proven sat isfactory: 

Cn.TlJlK Soi.l'TlON l'<tn Ll'.l.l MK Uvc TlJUA 


'J ap \v:it('r 1000 cc 

I\)lassnnu pliosplialc 1 jri- 

Magnesium sulplialc 0 ‘J ^r 

(’aii<‘Mifiar lOfzir 


EFFECT OF ACID SOILS ON NODULE BACTERIA 

In the above solution th(‘ reaction is a(ljust(‘(l (»rdinarily 
to appn)ximately th(‘ lUMitral ])oint. d'he tdlect of acidity 
on the nodule organisms ^’ari(‘s with the sjx'cies or strain. 
In general their sensitiveiu'ss to acid soil conditions is 
believed to corres])oml to that of the se\'eral l(‘gumef on 
which they j)ro(luc(‘ noduh's. Among the more recent 
investigations of this ])oint is that of lo-(‘d and I)avenf)ort 
who classify certain of the nitrogen fixing organisms with 
reference to their critical acidity as shown in Talde XLI. 

The nodule organisms are known t.o continue to live in 
the soil for some time* aft(‘r th(‘ associated l(‘gume has been 
grown. If the soil remains in a condition suitalde for the 
growth of that species of l(‘gume, the nodule organisms will 
probably survive in the soil for an indefinite period. If 
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'FAliLE XLl 

ReLATIVK SknsITIVKNKSS (»F XlTlUXiEN AsSIMIEATINC; liACTKHl\ 
TO Acidity. (Kukd.) 


(.Jnmps of liiicl(Ti;i 


ScnsilivciH'ss 1o .Acidily | Crilicjil yJI 


Alfsilfii :iiul sweet elover 
(Jiinlen j)e;i, lield jm'm and veleli 
Rtid elover and eoinnion heai s 
Soybeans and v(*lvet lieaii 
Lujiine 

A/o1obaeler 


]\Io^l s(‘iiMlive 

1 

S 

1 

More seiisilive 

1 

() 

Seiisil iv(‘ 

1 

J 

Less sensitive 


•> 

Least sensitne 

•» 
»> 

1 

Uxtri'melv sensitive 

6 

1 


tho logiuiiu' hits ])('(']! p;r()\vn but bitei- fails by misori of the 
lack of carbonate of lime, the corresponding nodule organ¬ 
isms may also liav(‘ to be su|)j)li(‘d b(“fore another cn)p 
of th(‘ saiiK' l(‘gum(‘ can bo grown most succt'ssfully. The 
virulcmce of tlu' organism is jwobably increased by frequent 
association with the k'gume. 


CROSS INOCULATION 

The (luestion of cross inoculation has not been entii*ely 
setth'd, but the h'gumes (am be arranged in groups with 
refer(*nc(‘ to the (aise with which their associated nothde 
organisms inoculate (ta.ch other. The following classifi(;a- 
tion is that of Burrill and Ilanscm who divid(‘d the legumes 
studied into eleven groups of which seven are shown in the 
table below as containing those most commonly grown: 


TAHLK XMI 

Ci«)Hs Inoci i.atim; (iitorrs or Lror.Mj^ (liruiai.i. and ILxa'sen) 

1 Red, in.-iiiiitiolii. :ilsiki’. cnnisoii niid while clovers 
12 Sweet <‘lover ;md ;df:df:i 
a ('owi)(':i. elover mihI peiiiiul 

1 (lordeii ;md field peas; vefeb and sw'cet pea 
o Sen bean 
d (iardi'ii b('au 
7 Black loeii'et 
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INOCULATION OF NON-LEGUMES 

Ocoasionjilly iiu|uirios aro rooei\'ed, i)r()bably inspired 
by those dealing in iiioeulatiiig materials, eoneerning the 
growth of nodules on the roots of such crops as corn. Tlie 
most notable ex])erim(‘iit along this line is that report(‘d 
by th(' Illinois Station in which a. study was made of the 
organisms which live in the nodules commonly found on 
some of th(' non-k'guiiK's. 'Fhe conclusion was reaclu'd 
that these nodiik‘s w('r(‘ not produced by nitrogen-fixing 
organisms. 

In JS93, Schneid(’r, at the Illinois Station, cultivated some 
bacteria, securc'd from noduk's of th(‘ common bean, upon 
bean extract agar and then upon a mixture of bean extract 
and corn extract and finally ui)on corn extract agar alone. 
An attemi)t was then made to grow nodules on corn and 
oats. The inoculated corn and oats ])lants produced no 
nodules although Schneider claiiiKxl that th('y were more 
thrifty than the uninoculated i)lanls, 

Atteni])ts were niad(‘ likewise to produce nodules on 
tomato(‘s, strawberri(‘s and morning glory i)lants by the 
use of bact(Tia which liad been s(‘ciired from sweet clover 
nodules and grown on tomato stem slants. OtluT speci¬ 
mens of these slants were inoculat(‘d with com])osite cul- 
tunvs fj'om nodules of 45 dilT(‘r(‘nt k'gume species. In no 
cas{‘ was there any aj)j)ar('nt ('fleet. AMiile such ('xjx'ri- 
ments may in time be succ('ssful. the jm'sent indications 
arc that such a result is imju’obable. 


INOCULATION WITH AZOTOBACTER 

As a rule, inoculatiojj of the soil witli non-syinbiotie 
nitrogen-fixing (U’gaiiisms has not Ix'C'ii shown to have any 
very benefi(;ial ('fleet, although sonu' exc('])tions to this have 
been not('d. It is f)robabk‘ that Ix'st rc'sults could be 
expected from such inoculation on recently limed soils in 
which the .Vzotobact('r had been weakened or destroytxl as 
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a result of acid soil conditions. However, most acid soils 
contain jieutral areas or o(^cavsional particles of limestone 
which i)robably serve as centers of infection for Azotobactcr 
as well as nodule orf»;anisins. W'hen such soils are limed, 
these organisms on being disti ibuted during the processes of 
(uiltivation may rcinoculate tln^ entire mass of soil. 

QUANTITIES OF NITROGEN FIXED BY NODULE BACTERIA 

There has be(*n consid(*rnbl(^ speculation concerning the 
nitrogcai-fixiiig caj)acity of legumes and their associated 
nodule organisms. A statc'ment of Hopkins, which has 
been frequently niis(|uoted, credits “ not more ” than two- 
thirds of th(‘ nitrogen of red clover to the air and one-third 
to the soil. The “ not more ” is usuall}' omitted. On the 
assumption that the pro])orti()ns indicated obtain, Hoj)kins 
l)oints out that if a croj) of clover was grown and removed 
from the fi(‘ld, IIk' soil would neitlnT gain nor lose in its 
nitrogen content. This assumj)tion is based on the evidence 
of the Delaware ExperiiiKait Station which indicated that 
of the total nitrogc'ii of th(' c1ov(T plant one-tliird is to be 
found in the root.s and stu})ble and two-thirds in the har¬ 
vested cro]). If the clover crop was i)lowe<i und(T, the gain 
in nitrogen on the basi^ of this assum])tion would be 40 
pounds for each ton of clover hay produced. If the clover 
was fed and th(‘ residue* i‘('turned as manure', the gain weeuld 
be* 32 j)e)unds j)e‘r ton of hay, assuming an SO per cemt nitro- 
ge>n ree‘e)ver 3 ' in the manure'. 

Sue*h a simide state'iiu'nt of the ejuantitative e*ffe>cts of 
the clover croj) on the nitre)gen conte'iit e)t the* seal is likely 
te) be far freun the tioith in many case's. Mellrie'gel and Wil- 
farth’s original experime'iits haei shown that the e'ntire 
nitrogem n'ejuireinents of le'gume's e^ould be* satisfie*el frenn the 
ah’ when tlu'y were gre)wn eeii nitroge'ii-lre'e sand. Sub- 
seepient stuelies have maele* it apparent that in the presence 
e)f available nitrogen in the se)il ne'ither the symbiotic nor 
the non-symbiotic gi‘ou[)s .are like'ly to secure all of their 
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nitrogen from the air. The rate of fixation, therefore, is 
detennined not only by the extent to whieh conditions 
have been made favorable for the growth of the legume 
and its supporting organisms, but also by the extent to which 
their nitrogen n'cpunMiients arc satisfied by that made 
available by nitrific^ation in the soil. 


SOME POT EXPERIMENTS ON NITROGEN FIXATION 


An int.(Testing and suggestive study of the (puint itative 
fixation of nitre)g(^n under optimum (conditions is found in 
the pot experiments (jf Hartwell and P(cmber. In these 
tests five cr()])s ench of eowp(‘as and soylxcans were grown 
in two difi'enait sets of jxds with vetch as a winter cover 
crop. The summer h'gumes wi're harvested and removed 
and the covct crops were turiu'd uiidc'r. The following 
tabh' gives a summary of the data calculated in terms of 
an acre of soil: 

TAHLE XLllI 


Fivk-YJ';\k Pot I'Lxpkklmiovts o\ Nitjmkjkn Fixation (Rtiodm Island) 
lif'mmu's :is SiimnKT Crops- Votcli as Witiior Covct Turned I’nder 


Pounds of Nilroneri 
JUT Acre of Soil 


Nitrofren (Content 


i Soylx'iiiis Cowpetvs 


In soil at bofiiiininp:.. .. 

;u‘4i 

:}-471 

Ill planted seeds .. 

(i(K) 

2(i5 

In added niaiiiire and water 

7! 

72 

In ac'rial ])or1i(in itf lepuiiies . 

Id 10 

1170 

Ill soil at <‘iul of lest 

1S20 

1192 

(Iain in lutroi’en in Ti >ears 

IS 45 

2154 


Under condilions suitaltle for pot tests th(‘ non-synibiotie 
fixation is also favored so that the division of the credit as 
among the s(‘veral groups of organisms is ver}" difficull. It 
would be interesting to continue such an cxjieriment for a 
longer period in order to determine the point at which 
nitrogen fixation would cease by reason of the abundance 
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of avixilablo nitrogen in the soil. Fixation in the above 
test was at a rate of 200 pounds for ea(;h legume crop, a 
considerable part of which may have been accumulated 
by the non-sjunbiotic groups. 

EFFECT OF INOCULATION ON YIELD AND NITROGEN CONTENT 

OF LEGUMES 

A method of estimating the amount of nitrogen fixed 
by the nodule bacteria, which has been em])loyed frequ(aitly, 
is that of C()mi)aring the nitrogen content of inociulated and 
uninoculated h'guiiK's grown on ecjual areas of land and cal¬ 
culating the data on tlu' acre l)asis. An example of such a 
comparison is selected from data r'*])orted by Fred on soy¬ 
beans grown on Plainfield sand on which no h'gunu's had 
been seeded for at least twenty y('ars ])r('\'ioiisly. Tlu^ data 
follow: 

TAHLJ-; ALIV 

Tiik IxrmiAsi: jx ^ ii:i,d am) tiiI', Amoi'vi' ov Nituom.n Fixkd as a Hesfi.t 

(.!• l.\'II<)\ OK S(OUEAXS ON I’j - \ I N Kl Kl.l) SVND 



Vi( 

■Id Calculated 

on Acre Basis 

Yield 




1 


lops, 

Hoots, 

Nodules. 

' Total 


foiiinU 

Hounds ' 

I’ounds 

Hounds 

t\’ilh l);icl('rin 

L’dDS 

11)7 

1 17, 

21)10 

U'itliout 

SI 1 

1 17) 

0 

1)7)0 

Gain due 1f» inoeulal ion 

I7s7 

7)2 

I 

1 17, 

11)7,1 

1 

1 


XilroKcn Caleiilated on Aen' 

Basis 

Nitrogen Content 

'I'ops, 

Hoots, 

Nodules, 

Total 


rounds 

Hounds 

I’ounds 

J'ounds 

U’ltii l):ielf*ria 

7)7 1 

2 1 

7, S i 

(•).'■) ;{ 

Without hafteria 

7 1 

(» S 

0 

s 

Gain due to inoeulal ion 

-11) 7 

1 t> 1 

1 

5 S J 

r,7 0 
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LOSS OF NITRATES IN DRAINAGE 

Under field (conditions tliccre is considerable opportunity 
for the; loss of nitrates in tli(‘ draiiiagcc \vat(T. The most 
reliable data on such losses an' to b(' found in lysimeter 
t('sts of which those of Lyon and Bizzell at (‘oriKcll are typ- 
i(cal. Soil was transferrc'd from the fi(‘ld to ih(' lysinu'bcrs 
with as little disturbance as possible, the se\(cral horizons 
of soil Ix'ing r(*j)hic('d as the}' occurn'd in tlu* field. The 
data in these t('sts iiidi(‘ate that the (piantity of available 
nitrogeen is (piilc' de,fhiit('ly ivlatc'd to the cro]i and its influ- 
(cnce on nitrification. The loss('s ai’e ivdncf'd to a mini¬ 
mum where a (toj) is k(']it growing on th(' soil. Data on 
drainage lossc's of nilrogx'ii from Dunkirk clay loam soil 
hav'ing a nitrogc'ii content of 0.134 jmt cetd hi the surface 
foot of soil, and N'olusiii silt lonni soil having a nitrogen con¬ 
tent of 0.145 jier c(‘nt in the surface foot follow: 


I'AliLE XIA 


DiiAi\'\(iK Lossksof Ni'i'i{()<iK.N A.s 1{ iM. \Ti'.i) TO (Systkm (Goiinell) 
I'ouihIs of Nilioj;('ii lift Arte iti < 'nip^ iiiid Dniiiuinc Atmii.-illv 


Croits 

Dunkirk ('1 

lay Loaiu Soil 

\ olil.sia Sill 

Loam Soil 

In Crops 

j 

i III Draiiiai!,!' 

1 

In Crops 

In Drainage 

i 


Mtiize ... 

141 

1 

1L> j 

1 

1 

I.Y 

()a1^ 

4 *1 

a ; 

lia 

10 

jMi.\(*<I nfa.s.s(‘s 

l() 

1 

1 


Tmiol li\ 

U) 

• > 
t > 

1 


'rimothy ami clovor 
IVjis 

7o 

o 

si 

12 

liarc tanks 


‘1.4 


7)4 


THE SOLUTION OF THE NITROGEN PROBLEM 


The solution of the nitrog('n jirobh'in lie's in the conser¬ 
vation of the nitrogen comjiounds in the soil by prev('ntion 
of drainage lessees; in the re'turn of that contaiiu'd in the 
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manure of the animals fed on the crops grown; and in sup¬ 
plementing the (U)mbiii(^d nitrogen in the soil with that 
secured from the air by taking advantage of the nitrogen 
fixing capacity of the symbiotic and non-symbit)tic organ¬ 
isms in the soil. The very prominent part played by the 
nitrogen-fixation agencies is ai)parent. It is especially 
necessar}’^ that advantage be tak(‘ii of these agencies in 
those cropping systcuiis in which the acre values of the 
crops are not such as to permit of supplying the nitrog(in 
requirements in the form of fei-tilizers. Under favorable 
conditions nitrogen fixation must be (luite rapid and suf¬ 
ficient to satisfy the rc'cjuiremei ts of large yields. The 
organisms having to do with fixation ai’e appan'iitly ben¬ 
efited by those practice's which an* ordinarily employed t,o 
increase the 3 dekl of most croj) i)lants. Aj)plication of 
limestone and of jdiosphate' and potash f(‘rtilizers, the plow¬ 
ing under of organic matter, and the use* of tile drains may be 
effective ])y n\‘ison of thf*ir stimulation of nitrog(*n fixation 
in the* soil as we^ll as from their dire'ct effect on the crops. 
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CHAPTER XVI 


MINERAL ECONOMY IN SOILS 

The application of tho “ bank account ” system to the 
nitrogen and mineral resounuis of the soil is found to be 
unsatisfactory in a number of ways. Ordinarily this has 
called for an inventory of “ deposits ” by means of chem- 
i(;al analysis for total constituents and a record of the 
“ (!he(^king ” losses sustained in the removal of the soil 
clenuints in crops and drainage. Often the soil resources 
are presented in tcTiiis of the number of pounds of each 
(dement estimated to be in the j)lovv depth of an acrci of the 
soil in (.piestion. It is recognized, however, that the roots 
of most of the ordinary farm crops i)en(‘trate the soil to a 
depth of several feet and that possibly under favorable 
conditions a (;onsiderable part of the mineral requirements 
of crops may be secured from the subsoil. Deep-rooted 
kigumes, for (example, are often grown with difficulty on 
soils having an acid reaction, but if once the roots have 
pcmi^tratcd into a subsoil which contains a fair amount of 
(iarbonate of lime a marked improvement in the crop is 
noted. 


ESSENTIAL ELEMENTS IN THE SUBSOIL 

(\)nsidering only the elements commonly supplied in 
the form of fertiliz(!rs and in limestone, it is intf^resting to 
note the quantities of those in successive d(ii)ths of soil and 
subsoil. An example is given by Hopkins which will afford 
some id(‘,a of what is to be expected in the glaciated soils of 
Illinois. 
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TAHLIC XIA'l 


Aveka(!k Anai.ysks of Twenty Illinois Soils 
Ciilciihitcd in Poinuis pi'i' 'I’wo Million Pounds of Soil jind Subsoil 


Depth 

XX'cifihl of 
Soil 

1 

j Nitrumon 

1 

1 

! 

i 

\ 

1 Phosphorus! Polnssium 

' i 

' ' 

Liinnstono 

0 - 0.‘| in 

2,000,000 

4,or>i 

Ma/i 

1 

1 .{;i,(>r)2 

1,710 

()j-2() in 

-1,000,000 

i 2,2 IS 

i 001 

1 :}4,471 

1 ,;{40 

20 -10 in 

('>,000,000 

■>04 

.■)0S 

' 17,;{()0 

1 

S.OOO 

Total, 40 in. 

12,000,000 

10,002 

l,l)(i7 

, l.M.OSO 

:}i,0‘)0 


AGENCIES EFFECTING RENEWAL OF SURFACE SOIL 

“ niiiK'nil theory ” stntes tliiii “ the crops on a 
field diminish or increasi' in exact proiiortion to the diminu¬ 
tion or incn'ase of the mim'ral substance convawed to it in 
manure.” AVhituey, in considi'ring the application of this 
theory in American t('a.chings and ])ractice, came to the 
conclusion that it was being interjweted too literally. It 
was his opinion that the resinirces of the soil were prac¬ 
tically inexhaustible and that certain compensatory proc¬ 
esses were in operation whi(*h would s(‘rv(‘ uiuh'r good man- 
ag(*m(‘nt to renew the soil eh'inents reijuired for plant 
growth as rapidly as they w(Te remoxed. .\mong these 
were mentiom'd the fixation of atmospluTic nitrogen; the 
upward movc'inent of solubh' salts in plants and in capillary 
water; the action of burrowing worms and insects and the 
effects of erosion. 


PLANTS AS SOIL RENEWING AGENTS 

In tlu^ table of analys('s of Illinois soils and subsoils 
the nitrog(*n and phosjdiorus are shown l.o b(‘ more con¬ 
centrated in the surfac(‘ soils. Th(‘ (‘xidanation of this in 
the case of nitrogen has jm'viously been given and Ih's in 
the fact that nitrogen-fixation processes are largely acTobic. 
There is also a tendency for th(* accumulation of jdiosphorus 
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and nitrogen in the surface soil by reason of their having 
been utilized by plants and left behind in their residues in 
the surface soil. Plants secure the clement phosphorus, 
at least in part, from the subsoil and its transkxtation to the 
surface of th(' soil is through the plant. Similarly it would 
seem that, others of the ri('C(‘ssary mineral elements might, be 
scn'iired from the subsurface and subsoil and left behind in 
the surfaces soil in jdant remains. This suggests the use of 
deei)-r(>oteil crops in th(^ rotation as a means of utilizing 
the mineral elements in the subsoil. 


PLANTS AS SOIL CONSERVING AGENTS 


It has l)een shown that the losses of ehanents in the 
drainage water may be very consid(Tably r(‘duced by keej)- 
ing the soil covered with vegetation. As to whether this 
will result in the conservation of the mineral (‘lein(*iit.s will 
be determined by the (‘xtc'iit to which the crops themselves 
are returnc'd as such, or in th(' form of manure, to the soil. 
Tlu' roots and stubbh' of cro])s should in any case function 
as C()ns(‘rv(‘rs of a part, of tlu' total amounts of the several 
eleiiK'iits sav(‘d from drainage' by tin' crops. 


lAlil.i: MAJl 

EKPI'X’T op (’|£0I'IM\(J on OK MlNKItAI, El.KMKNT.'^ HY DltAINACJK. 

L\siMi;rMf Tksts—Mvm iiki) Piamiik Loam Soil 


Avor;ifi:(* .Vnnn:il Loss of J-IKmik'hI 

s III i’ounds ]n'r 

Acre 

1 

1 

!’'roin 

Fidin 

1 

; JicillOVcd 

Bare Soil 

1 I’laiitisl Soil 

' in Crops 

1 

('alciiiiii 

:{(i7 

I7;f 

1 

Sodiiiip, . 

lo:; 

1 7S 

a 

NilrogiM! . 

a:; 


f / 

MaKnesiuln 

(J.") 

.‘57 

i 7 

Polassiuin 

1 (ii ' 

‘ 1(> ! 

! 70 

Sulj^liiir 

li) 

as 

10 

l*h(»s|)h()nis 

'Place 

'rracc 

1 

IS 



140 


MINERAL ECONOMY IN SOILS 


A comparison of the losses of soil elements in the drain¬ 
age from bare and cropped soils is given in the lysimeter 
data of the Cornell Agricultural Experiment Station as 
shown in Table XLVIl. 

The table indicates the extent to which losses of the 
mineral elements and nitrogen arc i)revented by growing 
crops on the soil. A i)art of this saving is accountcHl for in 
the crops rc^moved and an additional amount in their root 
systems. There is a further saving in the reduction of 
percolation through the soil since in the experiments indi¬ 
cated this was reduced from over 24 inches to 17 inches 
when the soil was gi-owing crops. The increased loss of 
water from the soil through transpiration also tends to 
give a greater opportunity for the rise of any soluble ele¬ 
ments in the subsoil toward the surface by being carried 
upward in the (capillary wat er. 

CAPILLARY MOVEMENT OF SOLUBLE SALTS 

The rate of diffusion of soluble salts in soils is slow. 
They may be carried upward by the (capillary water or by 
gravitational water accoinpanying a rise in the water table. 
In this case there will be an accumulation of salts on the 
surface of the soil unless the ui)war(l capillary movenu^nt is 
balanced by a gravitational movement downward. As 
these salts move through the soil in eithcT direction certain 
changes in concentration take place as a result of soil absorp¬ 
tion. King investigated these changes by supplying a 
water solution of salts at the base* of 24-mch columns of 
soil, exposing the soils to the action of evaporation, and 
detennining the salt content at various depths of the soil 
columns at the expiration of periods of from seventeen to 
twenty days. Additional water was supplied at the bottom 
of the soil columns to take the place of that lost from the 
surface by evaporation. The data follow: 
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TABLE XLVIll 

Capillary Movement of Salts in Soils in 17 to 20 Days (King) 
Solution of Salts Supplied at Bottom of 24-inch Soil Columns 


Parts per Million of Ions 
as Distributed in Soil 



B 

(^a 

Mg 

NOa 

HPO 4 

SO 4 

Norfolk Sand: 







C-- 1 inch below surface 

:ii 

300 

(53 

lOGH 

4.S 

34 

10-12 inches below surface ... 

s 

2G 

10 

43 

4 3 

30 

OriRinal soil... 

15 

15 

11 

4G 

3 7 

40 

Selina Silt Jjoarn: 







0-1 inch b(*low surfjicc 

(>5 

2125 

273 

3032 

3 3 

375 

10-12 inch(‘s bchiw surface 

I 10 

t )0 

11 

58 

7 1 

175 

(Iripinal soil. . 

IG 

4.50 

15 

201 

4 9 

95 

Hagerstown Clay Loam: 




1 



0-1 inch below surface .... 

28 

.5.50 

1.55 

17.30 

9 3 

1G8 

10-12 inches below surface 

15 

10S 

41 

145 

10 3 

228 

Original soil . .... 

; 13 

110 

33 

234 

9 9 

75 

Solution supplieil 

lit) 

30 

41 

55 

19 9 

162 


1 

1 



1 



ABSORPTION BY SOILS 

The calcium, magiK^sium and nitrate ions were found to 
move upward readily with the capillary water. The; same 
was true of the sulphate ion in two of the three soils data 
for which are shown in the table. The movement of the 
potassium ion was considerably reduced. With the phos¬ 
phate ion there was no apparent tendency to concentrate 
at the surface of the soil although some upward movement 
was noted, as indicated by the increased concentration of 
this ion in the soil some distance above the point of contact 
of the original solution with the soil column. 

This tendency of soils to slow down and in some cases 
almost entirely prevent the movement of ions in solution is 
referred to as absorption. There has been a considerable 
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amount of investigation of this phenomenon, but no very 
definite agreciiiont as to the exact nature of the absorption 
process. Soluble phosphates are known to be precii)itated 
by alumiTiium and iron. The phosi)hMte ion api)ears also 
to be stronglj" adsorbed by soils. In the case of j)otaSsium 
the absorption is either a matter of basic exchange or a siib- 
stitution of the potassium ion for prev iously adse)rl)ed cal¬ 
cium and magnesium ions. Consideration of the lysinieter 
tests at Cornell indicates that for every giv(‘n amount of 
potassium absorbed by the soil an (Hpiivalent amount of 
calcium and magnesium is to Ix' found in the drainage water. 
Because of the j)ractical imjioi'tance of this calcium-}x)tas- 
sium relationshi}), the following table' is attached whierh 
shows the exte'iit to which the'se base's were al)le' te) re'jfiace 
each other in the soil solution in tlie'se lysinieter tests: 

TAULE XLIX 

Av'eragk Anni ai. Loss ok Pasrs in DrainWatkr (C'ornerl) 

As Influoncc'd In' Ajipliciitions of Lime iiml I'otiissium Sulpliatc’ 
(('aleuliilcd in Poumls ]K‘r Acre; 


Soil ’I’roiilnicnt ! 

( ':ileiiim 

M;iHiiesMim ■ 

Polassium ! 

Stidium 

No fort ilizer 

177 

;:4 i 

4() j 

84 

Poliissiiim siiljiliiile* , 

•ji;5 

. -10 

41 1 

SI 

liurned lime t 

170 

-10 j 

10 t 

7*> 

Holli of iiliove 

L»0() 

-17 i 

1 

10 1 

i 

74 


” \niiu;i1 •ipplic:iti(»ii dF 1!(M) iifiTimls nf pDtdssMim .siilpliati- per jiiTf 

1 Oiif Ilf ailOl) iiixiiiili- i)f liiiriiril liiiii’ at I>i>kiiiiiiiik nf ui J'.llO lt('T>ort 

for iiicluaivi* 


It will be noted that neither calcium oxide neir peitassium 
sulphate ajiplications ine*r(^ased the' f|uantity eif peitassium 
in the elrainage wate'r. On the otheT hand, applicatiems eif 
jieitassium sulphate' did incivase the content, eif calcium in 
the drainage' water. A considcratiem of thei combined 
amemnts of magn(\sium and calcium in the drainage ineli- 
cate^s that the twei are release'ei in amounts approximately 
equivalent to the potassium supplied. 
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DRAINAGE LOSSES OF MINERAL ELEMENTS 

Any upwMrd movement of salts by capillarity is likely 
to b(; overshadowed by a greater movement downward as 
a result of the action of gravitational water. In semi-arid 
regions, tliis would not be true since, under such conditions, 
w^ater is not lost in any considerable amounts by drainage. 



Fkj. 17. —“The soil is not ji static .system Init is con.stantly undergoing change 
of lo(;ation of iindissolved and dis.so]v(*d materials. Further, its chemi¬ 
cal, us w(‘ll as its physical and biological conifiosition, also changes as it 
exists in any given position.” 


In the humid sections there is every reason to believe that 
the loss in this manner is considtTable, the evidem^e for 
this having already been jiresented in the chajittir on the 
soil reat'tion. The salt content of river waters in humid 
sections is of interest in this connection as indicating some¬ 
thing as to tlu^ r(‘lati\'e rates at which the sev(*ral elements 
are likely to disajiiiear from the soil. Examples cho.scn 
from data by C^larke, in which arc shown the composition 
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of the waters of the Muskingum and Miami Rivers of Ohio, 
are given below. The former flows through a vsandstone- 
shale area and the latter through a limestone area. 

TABLIC L 


Salt Content op Riveu Watehs ((’lauke) 
rcrccntjigos (jf Totiil Salinity 



Muskingum 

River 

Miami 

River 

CO,. 

24 71 

4:1 04 

S()4. 

IS 

13 SS 

(^1 . 

17.07 

1 42 

NO,. 

0 00 

2 OS 

C-'ji. 

IS lit) 

20 40 

Mk . 

4 (M) 

8 .3:1 

Na. 

0 SO 

2 40 

K. 

1 2S 

.s;.{ 

SiOa. 

5 OS 

0 so 

FcjO, . 

11 ) 

os 

I'otal. 

100 (K) 

100 (K) 

Salinity in p. p m . 

244 

2S0 


Phosphorus is present ai)parently only in traces sin^^c 
it is not mentioned in the table. Potassium and magne¬ 
sium tend to be retained more than sodium and calcium. 
Sulphur appears to be k^ached readily from the soil. With 
this element the cycle is somewhat similar to that of nitrogen 
in the fact that sulphur is added to the soil in rainwater. 
The annual sulphur (H)nt(^nt of the rainwater at Urbana, 
Illinois, for example, is given by Stewart at from 40 to 50 
pounds per acre from which it appears reasonable to believe 
that the failure of crops to respond to the use of sulphur in 
fertilizers in industrial sections is due to this return cycle. 
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EFFECT OF EARTHWORMS IN RENEWING SOIL 

Two other groups of agencies operate to renew the sur¬ 
face soil from the subsoil. In the first group may be 
included animals which burrow in the soil and transfer the 
subsoil to the surface. Of these the earthworm is the most 
universally distributed and most effective. Darwin, in a 
very interesting book on the subje(!t of “ The Formation 
of Vegetable Mold,” attributes a translocation of soil to 
earthworms amounting to 1 inch in five years. This con¬ 
clusion is based on obs(;rvations as to the rate at which 
such iriiiterial as stones, supplied to the surface, became 
imbedded in the soil. Tlu^ burial of the ruins of ancient 
citic^s is credited by Darwin to the action of earthworms. 
He estimated that as much as 10 tons of material annually 
pass through the' bodices of the earthwomis in an acre of 
soil in c^ertain ])arts of England. The carrying up of the 
subsoil would be, according to this, a continual process 
tending to renew the surfac;e soil. 

Observations of soils of the Ohio State University Farm 
indic‘ate that the' number of earthworms in an acTC of soil 
to a clc'pth of 1 foot amount to more than one million. 
None were found jit a grc'atc'r depth than 1 foot in the 
soils c'xamined although burrows were found to extend 
several feet below the surface. 

EROSION AS A FACTOR IN SOIL RENEWAL 

Probably a more effective group of agc*ncics in the trans- 
loc;ation eff soil and subsoil, particularly in arid, sc'ini- 
arid and sandy regions and in areas of rolling topography in 
the humid rc'gions, are those assoedated with erosion. Tn 
c'ither case, whether the soil is covered by wind-blowm 
material or rc'i)lac;ed by subsoil as it is remo\ed by water, 
thc^ cdc'ct may be a coin])lc'tc' renewal. Tn areas affected 
by wind c'rosion the transfc'r of soil may be so rapid as to 
cover the existing soil to a depth of several inches in a few 
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hours. The most extensive erosion, although somewhat 
less rapid, is that caused by running wat(T. which is i)ar- 
ticularly effective on land frecjuently cultivated. The 
extent to which the surface soil is removed is th'termined 
by the character of th(‘ soil, the fnvjuency with which eul- 
tiv'ated crops are grown, the climatic conditions and the 
slope of the land. According to McGee, the rate of erosion 
of land by water is estimated by geologist,s at 1 inch for 
every two hundred to fiv(' hundred years. Dole and 
Stabler calculate* that the United States is being denuded 
at an average rate of 1 inch in 760 years. Lands under 
cultivation, i)articularly the silt loams, with only a mod¬ 
erate slope may b(^ expect,(‘d to be (Toded at a rate of an 
inch or more i)er c(‘ntury under climatic conditions such as 
exist in the humid r(*gions of the United State's. 

An investigatie)!! of the le)sse\s by erosie)n uneler e)rdinary 
field conditions is under way at the iMissouri Station under 
the elirc'ction e)f Miller. In these inve*sti gat ions it has be*en 
she)wn that with a slope of perhaps 6 degre'e's, She'lb\' loam 
se)il ere)des unele'r the we'ather ce)nelitions at C\)lumbia, 
Missemri, at the following rate's: 


'FAIiLE \A 

ANNI’AI. KaTK f)I‘' RK.MOVA1, Oh' SoiL HY W \Ti:it Khomov (MlUJOU) 
Slojx' of .') D('f>;i<*(*s—Sliclln Loam Soil -1917 lo 1921 


Soil Treatment, Aninjallv 

Si )ll 

Jieiiioved, 
'I'ons 
per Acre 

Hainfall 
\l)Sorl )('<], 

I'er e’ent 

Years 

Heijuired to 
Hi’rnove 

7 Inehes 

IJiirullivakul, wcxmL iiullod 

91 

7)1 

ao 

(Uiltivaioil throiishoiil sniniiici 

i:i9 

72 

25 

Same! with (kx'fXT jilowiiig 

129 

74 

27 

Contiiiiious sod . . 

1 

90 

2:i;i() 

\Vlic*at overv vear . 

IS 

79 

19.1 

Thrpt‘-y('ar rotation. 

It 

St 

2.53 

Corn every year. . . 

(i7 

7(1 

52 



REFERENCES 


147 


It is evident from the above considerations that the 
soil is not a static, system, but that it is constantly under¬ 
going chang(^ of location of undissolved as well as dissolved 
materials. It is possible to take advantage of certain 
means of cionscTvation by which the soil can be largely 
held in jjlacc'! and at the same time ha\'(* its mineral (con¬ 
tent gradually rcaiewed from the subsoil. It cannot be 
said, how(‘V('r, that losses by drainage and (erosion arc always 
objc^ctionable, in fact cjuite the opposites is often true. 
While it is (‘ssential to have in mind the fact that the 
amounts and availability of the essemtial mineral (‘l(*mcnts 
in the surface soil largc'ly determine its immc'diate produc¬ 
tivity, th(' dynamic agencies in operation cause difliculty in 
making a v(Ty strict application of the “bank account” 
system to tlu' soil Tvsources, particularly if the inventory is 
confined to the j)low depth of soil. 
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LIMESTONE ECONOMY IN SOILS 


The rapidly iiKToasing area of acid soils in the humid 
regions of the United States makes the problem of main¬ 
taining the soil reaction at a ])oint suited to the needs of 
the crops ordinarily grown a rath('r serious one. 'IIk' usual 
recommendation in g(‘n(TaI farming ])ractice in the (kaitral 
West, once the soil is acid, is that lim(‘st;one be supjdied to 
the soil in quantities sufficicmt to bring the soil reaction 
approximately to the junitral point and tlu'n t.o maintain 
it at this point by the regular use of limestone at some 
definite time in the rotation, or jxThaps every second 
rotation. It has usually been assunx'd that- the amount 
of limestone necessary to be aj)[)lied to maintain the soil 
reaction at this point would amount to 1 ton per acre every 
threes to five years. Thus St.ewart. sugg(‘sts 1 ton per acre 
every three or four years for the prairies land of South¬ 
ern Illinois. Other investigators ha\’(‘ sugge^ste'd similar 
amounts. On the assum])tion that such amounts will be 
needed, a KiO-acre farm would reejuire a carload of limestone 
annually. Apjdied at this rate^ to th(‘ eaitire' area of land 
in the humid section in th(‘ Ihiited State's, a large per¬ 
centage of which is already ae*id, this means an e‘ne)rme)us 
tonnage of this material. 

LIME-REQUIREMENT OF PLANTS 

In an inte‘re;sting eiise'ussion cemcerning the utilizatie)n 
of acid lanel fe)r the gre)wth of acid te>le'rant cre)j)S, Coville 
peunts emt that “ se)il acidity is not always an objectiemable 
condition which invariably reejuires lime.” It is his opin- 
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ion that “ under (jortain conditions a complete system of 
acid agri(!ultur(^ is j)ract,ical)lo.” While there is some ques¬ 
tion as to whether a v(n\y high type of agriculturt? could be 
developed without the use of limestone on a(dd soils, it has 
be(^fi shown that cro])H difTer very materially in their lime 
reciuirements. Truog has arranged the common agricul¬ 
tural plants according t,o their ne('d for lime as the bicar- 
bonaU;. He takes into consideration the calcium content 
of the plant, its rate of growth and the extent and char¬ 
acter of its root system. Tlu^ following table is sx sum- 
marizc^d grouping of the more common crops according to 
Truog’s arrangement : 


T.VltLE I.ll 


llKl.-NTlVli 

OK (Jitoi'S (Trttoo) 

NlllllhtT 

( 'rops 

.■5 

Alfalfa 

4 

.Sw<*(’t clover 

■> I 

Red clover, tarh'V 


Soybeans 

•> 1 
to » 

Alsikc, ^ctcll, limolhy, polaloes, corn 


\^■llcat, buckwheat, crimson clr»ver 

r. 

Tjiipines, oats ! 

1 

Sheep sorrel, ri'(l to]), rye, cranberry | 


RESPONSE OF CROPS TO LIMING 

A considerable part of th(^ data from which Truog 
reached his coru^lusions on th(? lime-reciuiremcnts of crops 
was taken from th(‘ work of Hartwell and Damon, who had 
studied the n'sjionse to liming the soil of 2S0 different 
varieties of jjlants when grown on an acrid soil at the Rhode 
Island Experiment Station. In tlursc* studiers four large 
plots wore used, all of which received liberal applications 
of hirtilizcr, cont,aining its nitrogen in two cases in the 
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form of sulphate of ammonia and in the other two cases as 
nitrate of soda. The test had been undcT way at the time 
of publication of the data for a period of twenty-two years. 
Arranging the common agricultural crops on the basis 
of their response to liming the soil shows the following:* 

TABLE Llll 

Kesponsk ok Plants to Ltminc an Acto Soil (Hiiode Island) 
Index Numbers Indieatirig Relative Resiionse 


-1 

: ^ 

! 1 

! ! 


Poariul 

Beans 

r 

1 Buclv wheal 

i (\ibl)ag<‘ 

1 Asjiaragus 

Horrpl 

Corn 

{'arrots 

, ('anilflower 

i Barley 

Waiprmplon 

Cotton 

< )ats 

1 (’hard 

Beets 

Serradplla 

('owfiea 

Peas 

Egg Plant 

('elery 


IjUI)inos 

Puin|)kins 

; Hemp 

Ix'ttuce 


Potato 

Rhubarb 

1 Horseradish 

(tnirnis 


Bye 

Wheat 

1 Muskinelon 

S])ina<’h 


tVich 

t'ueunib(‘i*s 

Raj)e 

'Pobaeeo 


It will be noted that not onh’' wen' some of tlic crops 
not benefited by liming, but that a f('w wer(‘ actually injurt'd. 
It is desirable in this comit'ction to consider Jiow jicid the 
soil used in these (^xperinu'iits was. TIk' metliod originally 
employed in dett'rmining the acid condition of the soil 
was that of Veitch. This method measures the lime- 
absort)ing capacity of the soil up to a i)oint jit whicli hydrol¬ 
ysis will yield a solution which is alkaline to plienolphthal- 
ein. The lime-absorbing capacity of soils by this method 
is found to vary considerably with the conditions under 
which the laboratory manipulations are carric'd out. 

The data show that at the end of th(^ tAventy-second 
year of the test the sulphate of ammonia plot had a lime¬ 
absorbing capacity, figured as calcium carbonate', of 9000 
and 5300 pounds, respectively, for the unlimed and limed 
ends. Similarly the nitrate of soda plct had a lime-absorb- 
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ing capacity of 4800 and 3000 pounds, respectively, on the 
unliiiicd and limed ends. Later it was found necessary to 
add lime to the previously uiilimed sulphate of ammonia 
plot in order to have any growth of vegetation on it. A 
total of 1 ton of burned lime per acre was ajiplied to this 
plot. Subseiiuently the soil on this plot was shown to have 
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distributed points in the state and represent a considerable 
number of soil types. A summary of the data obtained is 
given below: 


TABJ.E LJV 

Lime-Ausouutng Capa(’ities oi’ 232 West Virginia Soils 
C aCX).! por 'IXvo Milluni I’ounds of Soil (W'itfh Method) 


1 

Cirouj) 

Number Siiniplf's 
in Group 

1 

i 

Average Limo- 
Ahsorbiiifz: C:ii)a(!ity 

1 

11 

0 

o 

21 

0-1000 

,3 

01 

10(K)-2000 

4 

(il 

2000-30(K) 

5 

21 

3000-1000 

f) 

m 

i 

4000-r)000 

pm 

i 

11 

oOOO up 


It will be noted that a large percentage of these soils 
have a lime-absorbing capacity by the Veitch method of 
less than 4000 pounds of calcium carboiiati^ per two million 
pounds of soil. This is approximately that of the limed 
nitrate of soda })lot on the Rhode Island Experiment Station 
farm on which a considerable variety of crops have been 
growing satisfactorily. Apparently the acid condition in 
mineral soils comes to equilibrium at a deficienc}'^ of cal¬ 
cium (jarbonate (Veitch method) ordinarily amounting to 
from 1000 to 4000 pounds per acre to plow depth. Simi¬ 
larly the pH of acid soils usually has been found to be 
between 5 and 0, a hydrogen ion concentration which is 
probably not directly injurious to many crop plants. It 
seems probable that it would be (considerably less difficult 
to maintain the soil at this reaction than at a point more 
nearly approaching neutrality. 
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ACID AGRICULTURE POSSIBILITIES 

Truog b(^lievos the aciid agriculture may be 

desirable under certain conditions, but that with tlie devel¬ 
opment of more intensive and highly s])eeialized cr()i)ping 
systems the crops of niediuni and high linu'-recjuirements 
will be growji in preference. He suggests the following 
grouping of crops as determined ])y the condition as to 
reacition at which the soil is to b(‘ kept: 


TAIiJ.E L\- 

IIicii, AND Low LiMii-ltsyiTiitKAiuNT (!it(>pi*r.N(; Svsti;ms (Tuco(j) 


1 

High 

1 

Modiinn 

Low Northern 

1 

t Ijow Sout.iiern 

1 

Alf:ilf:i 

Uoil clovor 

Soyl»(“ans 

Cowpeas 

Sugar 

Soyl) 0 !ins 

Alsike clover 

\'elvet lieans 

('.•inning ])oas 

Tinxplhy 

\etch 

(’ninsr)ti clover 

T((l)acco 

Tiarli'v 

('owjM’as 

('otton 

Ca)>));ign 

Wheat 

Red top 

C’orn 

Onions 

('orn 

Millet 

Oats 

Most pardon orops 

Oats 

Rye 

Supiir cane 

S\v(‘(‘1 clovor 

Hyo 

Oats 

Japan clover 

liliiopra.s.s 

1 Potatoes 

i 

Rockwheat 

Ryt- 


It will be noted thnt C(‘rtain crops occur in both low and 
medium lime-rcMiuirement grou])s. This is foi' the reason 
that tlu'ir tolerance' for acid soil conditions permits a fair 
growth on such soils, but the}' also respond to liming. 
Truog also calls attention to the fact that the more active 
W('a.thering la-ocesses in the southern states makes more of 
the basic, elements availal)le and ])ermits of growing crops 
with a smaller use of limestone. 

ACID SOILS IN RELATION TO NITROGEN ECONOMY 

The soil reaction would of necessity have some bearmg 
on the nitrog('n economy. The assumjdion is that those 
h'gumes which grow well on acid soils will sujjport the cor- 
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responding variety of nodule organisms and that they will 
be able to function satisfactorily. There is the necessity 
of considering also the other groups of soil organisms con¬ 
cerned with nitrogen fixation and nitrification in soils. 
Bear studied in a preliminary way the efficiency of some of 
the organisms concerned in the nitrogen (ycle, in two acid 
soils to which varying amounts of carbonate of lime were 
applied up to and beyond the lime-absorbing capacities 
(Veitch) of these soils. In each case the factors other 
than limestone were kept under control at an assumed 
optimum. The usual methods of studying the rate of 
ammoiiification, nitrification and nitrogen fixation were 
employed. A summary of the data on the Wooster silt 
loam soil follows: 

TABLE LVI 


Efi-’Iciency of Nitiioc.’KN Cyclf, OutiAMSMs IN Acid Soil 
rerc'cnluRO EHicieiicy l-o thiit iti Noulrjil Soil 
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Ainnionifieiition 

of 
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1 

N itnfieal ion of 
Ammon iuiri 
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Nitrogen 

Fixation 
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0 
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.50 

10 

2rA) 

.52 
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,‘10 

.500 

.5.5 

.50 

:io 

1,000 

00 

57 

:is 

2,000 

S2 

4 4 

;i2 

:i,ooo 

.S() 

K^ 

01 


Ncii<r;il Point CVrilcIi) 


— 

100 

100 

100 


ll.'l 

12.5 

100 


1 (K) 

100 

1:12 

10,(K)0 
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.s:i 


Non-syinbiotic nitrogen fixation was very much retarded 
in the acid soil. Th(‘re was also a reduction in the efficiency 
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of the nitrifying bacteria although not so marked in the 
case of ammonia as in nitrate production. 

ECONOMIZING ON LIME 

In economizing on lime there are, in addition to choosing 
plants which can grow on acid soils, certain opportunities 
to prtw^ent unnecessary losses from the soil. The lysimeter 
drainage at Cornell, as previously shown, contained less 
calcium when the soil was cropped. Such lime as is removed 
in crops can be returned to the soil in large part in the 
ni.anure on a well-organized livcsto(;k farm. Legumes 
usually contain considerably larger amounts of calcium 
per ton of i)roduce than do most of the non-legumes. Their 
growth and removal from the soil increases the rate of 
depletion of the element calcium unless they are fed and 
returned as manure'. There is also opportunity for choice 
among fertilizer materials. Phosphorus is always supplied 
in combination with calcium, and the quantity, of the lat¬ 
ter, varies with the several carriers. 'I'hus basic slag has 
considerable value as a nc'utralizing agent in acid soils, 
having an eflici(*ncy equal to about half that of an equal 
weight of limestone. Bone mt-al carries more calcium than 
acid phosphate although the latter ma}' be toinewhat more 
efficient as a iire(^ipitating agent for aluminium. Suli^hate 
of ammonia leaves an acid residues as contrasted to the 
alkaline residue of nitrate of soda. Organic, carriers of 
nitrogc'u Ik' between nitrate of soda and sulphate of ammo¬ 
nia in their ('ffect on the soil reaction. Wood ashes carry 
(ialcium and i)otassium in the form of their oxides or car¬ 
bonates. 

By ec.onomizing on the calcium in the soil, and by a 
proper (dioice of fertilizers in connection with a judicious 
selection of crops, it. should be possible to develop a system 
of (Topping in which the amount of lime necessary to apply 
would bci considerably reduced. It might be possible also 
to grow a clov('r croj) in the rotation on a somewhat acid 
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soil, by adding a few hundred pounds of finely divided 
limestone or of burruHl lime to the grain crop in which it 
was seeded, and following tin' clover with such oth(T crops 
as are toh'rant of acid soil (conditions. Alfalfa, if (hesired, 
could be grown on a separate tract of land which was ('spe¬ 
cially prepan'd for the crop, iiist.(cad of att(cmpting to fit it 
into a rotation the other memb(*rs of which had consider¬ 
ably l()W(*r lime-re(|uirements. As previously indicated, it 
will be desirabhc in tin' more intensive systems of fanning to 
apply lime in suffieh'nt amounts to prevent its Ix'ing in 
any way a limiting fa,ctx)r in cro]) growth, ^^'ilh specializ(‘d 
crops of high acre value there is litth' lu'ed for consid(*rmg 
the (piestion of lime economy. On ch(‘ai) land, or on land 
in(c()nveni('nt to the sourc(‘ of limestone, c()ns(Tvation of 
lime is (essential. Jn any syst('m of ordinary cropping it 
merits consideration as one of the means of economizing in 
the production of crops. 
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CHAPTER XVni 




ANIMAL MANURES 


The livestock system of farming is one in the best- 
developed forms of wliich there may be little loss of the 
essential soil elements from the farm. This is especially 
true on those farms on which a. large acreage of legumes is 
grown; where sui)pleniental conc('ntrat(‘d f(‘eds are jmr- 
chas(‘d; and where the manure jn’oduced is carefully pre¬ 
served and systematically applied to the fields. Unfor¬ 
tunately, on a ]arg(‘ ])erc(‘nt-age of th(' livestock fanns, the 
I)ossibilities in the (‘(tonoiny of soil (‘kaiuaits an’; far from 
being realized. 


NITROGEN AND MINERAL REQUIREMENTS OF ANIMALS 

The amounts of nitrogen, ])hosphonis and ash elements 
recpiired in the production of the animal body have been 
detemiiiK'd by a number of investigators. Of th(*se the 
recent work of Trowbridge and his eo-workers is illustra¬ 
tive. In their investigations tlie entire canvasses of a 
number of be('f cattle w(‘re analyz(‘d. From these analyses 
th(' following data were selected: 

'rAiMA<: i.vii 

Niti»)(.i;\ \m) Mim:i:\i. (\)\ti;\'I’ ok Hkkp (Titowiutnxii;) 


Attiiiial 

lave Wi-i^lit 
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Aniniid 
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! 

Nitroni'ti 

j J’liosj)lioni.s 

Ash 

1 

1 755 

22 1 

S 1 

-i:{ 0 
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20 5 

S 1 
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1 )• ) 

:u 5 

0 :J 

52 0 

1 

17S5 

:i5 0 

11 1 

()1 0 

Avcrafio per 

10(K) poiiiuls. 

21 5 

i 7 (■» 
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The major portion of the ash of animal bodies is made up 
of calcium and phosphonis as the tri-calcium phosphate in 
which these elements occur in the ratio of approximately 
two to one. For every thousand pounds of live weight of 
animal produced on the farm there are tied up in its body 
approximately 25 pounds of nitrogen, 7i pounds of phos¬ 
phorus and 15 pounds of calcium together with relatively 
small amounts of potassium, magnesium and sulphur. 

NITROGEN AND MINERAL CONTENT OF MILK 

The composition of milk varies considerably, depending 
upon th(^ feed and the kind of animal. Ac(H)rding to Bab¬ 
cock the average cow’s milk coiitains the following amounts 
of the sev(wal essential soil eleimaits: 

'I'ABLE LN'III 

NiTIKXJEN and MrNKKAI. CoNTKNT OF CoAV’s Mll.K CLKACil) 

PouikIs of I'jlenioiits por 1(),(K)() Pounds Milk 


Kk'incnl, 

Pounds 

Nitropon . 

{)0 

I’liosiiliorus. 

7 5 

P()liis.siiiiii. 

14 

Calcium. 

10 

Total ash. 

70 


The quantities of sulphur and inagiH'sium in milk are 
considerably less than those of the other eleiiKaits indi¬ 
cated above, amounting to approximately 1 i)ound of each 
per 10,000 pounds of milk. 

NITROGEN AND MINERAL CONTENT OF WOOL 

The only other animal product which is of any sig¬ 
nificance in connection with the (;conomy of soil elements is 
wool. According to Hopkins, wool contains the following 
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amounts of nitrogen, phosphorus and potassium per thou¬ 
sand pounds: 


TABLE LIX 

Nithookn and Minehal. Content of Wool (Hopkins) 
Pounds of l<:ioiiients jmt 1000 Pounds of Wool 


EIt'in(*nt. 

1'll washed 

Waslied 

Ni1rop(!n 

54 

<)‘2 

Ph(is))l](>rus. . 

0 3 

0 S 

Putassiuin 

t(i 5 

1 (i 


As the iahre iiidieates, the potassium is largely water 
solid>k‘ and is an excretory product rather than an essential 
part of the ^^'ool fiber. 

PERCENTAGE RECOVERY OF SOIL ELEMENTS IN MANURE 

Since the aiiimol makes use of a certain percentage of 
the mirua-al eh'ment.s and nitrogen contained in (Tops which 
may lat-c'i’ be sold from the* farm in thc^ form of the animal 
itself or its products, it is of intxTcst to cahadate the per¬ 
centage re(!overy of tlies(' (‘hanontr. whicdi ordinarily might 
be ('xpecU'd in the manure. Vivian, in an (excellent dis¬ 
cussion of this subject, concludes that under average con¬ 
ditions on the farm about SO poT cent of the nitrogen, i)hos- 
phorus and potassium in the h'eds consunuxl is voided in 
the animal excrements. This ratio may be assumed to 
hold also for c.alcium and sulphur. If the soil ehanents 
were lost only in crops, the livestock fanner should be able 
to make up the 20 jier cent loss by growing legumes, by the 
the use of supplenu'ntal coiK^entrated feeds and by drawing 
on the mineral reserves in the soil. Unfortunately the 
drainage lessees of certain ('hTiicnts from thti soil may often 
be greater than the losses in crops. Furtluirmore, manure 
is a perishable product and a considerable portion of the 
essential elements contained in it may never reach the field. 
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DISTRIBUTION OF NITROGEN AND MINERAL ELEMENTS IN 

MANURE 

Some idoii of the distrilnitioii of the soil elements in 
manure, as bet vvc'eii th(' urine and feces, may be gained from 
the following table of data taken from tlie iri\'estigafions 
of Forbes and his co-workers. In this work the ex(Te1ory 
products of a dry cow wc're saved and analyzed separately 
with the following averag(‘ results: 

I'AliJJO LX 

DlSTniHl’Tlt)N OF NlTlUXiFN AM) MiXKHAI, I'jI.KMKNTS IN MaM'UK OF 

Dm (.'ow 

Percoiitagos of Total in I'rinc’ and 





j I'niM’ 

J'’(*C(‘.S 

Nilrogcii 

1 , 

(ii 1 ; 

:r» 0 

I’liosplionis 

0 (> ' 

00 1 

roinssiimi 

<>."» 1 

1 0 

(‘.•ilciiiiji 

' 0 1 

1 

00 0 


10 r. 

so fi 

Suljilmr 

r>i 1 ' 

IS (■) 


Data from expt'riments with otluM* cows showed some 
variation in tlu' jierct'iitages in the urine and feces. In 
general the inv(‘stigations indicate that, tliti major portion 
of the nitrog(‘n and ])otassium is to be found in the urine 
while most of th(‘ ])hos])horus and calcium is excreted in 
the feces. Studies with jhgs indicated a similar distribu¬ 
tion excejd that somewhat more of the ])hos])h<)rus and 
sulphur and h'ss of th(‘ ])()tassiuni was present in tlie urine. 

WATER-SOLUBLE CONSTITUENTS IN MANURE 

Manure is niad(' U]i of urine and feces mixed with resi¬ 
dues from the feed and bedding. Of interest in consid¬ 
ering tlie possible losses from leaching are th(‘ data given by 
Ames and Oaither on the content and percentage solubil- 
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ity in water of the nitrogen, phosphorus and potassium in 
manure, '^riiis manure was sampled as it (ianu^ from the 
fecnling stalls wIktc' it had been prot(H*ted against loss of 
urine and presumably from hot fermentation. 

TAlil.!: LX I 


Composition «)k Mani'iik Fhksii kiiom Fkiodino S'I’alls (Amks) 
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J’liospliorus 

I*()t:issiiim 

Kind (if Aiiiinnl 

i'.-r 

! XN aU'i- 

r(‘r 

Will (T 

Per 

Water 


'I'on. 

' Snllllilc, 

'I’on, 

Solulilc, 

'ton, 

Soluble 


I’dumls 

d’er (’(‘III 

rounds 

IVr Onl 

I’ounds 

per Cell 

llorsiv 

11 

; •’i- 

2 1 
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•1 1 

.^iS 

20 S 

1)7 


As would 1)(* ('xpe(*t(‘d, th(T(‘ is considerable variation in 
the composition of manun‘ depending upon the feed, the class 
of animal, th(' age and us(' of the animal and the amount 
and nature of the bedding. Of })articular interest in the 
tabl(' is tlu' fact that 50 jier c(‘nt or moi’e of the nitrogctn 
and i)hosphorus, and in some cases almost the entire amount 
of ])otassium, was soluble in water and, therefore, subject to 
loss from leaching. 

LOSSES FROM UNPROTECTED MANURE 

Ordinarily the losses of mineral elements and nitrogen 
from the livestock farm in the sale of animals, milk and 
wool are insignificant in comparison with those which occur 
in the careh'ss handling of manure. These loss('s may 
result from failure to haul the manure to tlie field; from 
lack of fa(alities for cons('r\’ing the urine; from leaching 
and from hot fermentation. Even where the value of 
manure' as a crop-j)roducing agent seems to b(' appreciated, 
the loss(‘s from h'aching and hot fermentation are often con¬ 
siderable. 
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The possibilities of loss from leaching arc indicated in 
the preceding tables. As manure undergoes decomposi¬ 
tion an additional amount of each of the soil ehmients 
becomes soluble and, if un]7rotect,ed, may be leached out. 
It is desirable that nianurc' pass through a “ ripening ” 
process before it is applied t.o the field, but if this is per¬ 
mitted the manure should be stored under cov(;r and on a 



Fkj. 19.—“The livcslook system of farmiriK is one in the best developed 
ff)rms of whieh there may be little loss of the essential soil elements 
from the farm.” 


water-tight floor, otherwise more will be lost than gained 
in the process. 

Losses from hot fermentation are brought about in the 
volatilization of the nitrogtai due to rapid oxidation and 
resulting high temperatures. Horse and slu^t'p manures, 
by reason of their relati\a*ly small content, of water, are 
espefdtilly subjt'ct to “ fire fanging ” and for that n^ason 
are called “ hot manures.” The prevention of sucJi losses 
can be accomplished by keeping the manure wet and com- 
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pact. Under such conditions, decomposition is more largely 
anaerobic. Th(i previously insoluble mineral elements and 
nitrogen in the manure gradually become soluble while 
the (carbonaceous mat(crials are broken down into carbon 
dioxide and water. In this (case there is little loss of ammo¬ 
nia by reason of the concentration of carbon dioxid(', in an 
atmosphere of which, ammonium carbonate is more stable. 
When such manure is incorporated with the soil the nitro¬ 
gen of the hydrol>'Z(id protein produ(d-s is rapidly (changed 
to ammonia and nitrat(\s, (conditions being favorable for 
nujre ra})id oxidation. 

Considerable attention has b(c(*n given to the use of 
pres(‘rvatives on manure, but little of definite value from 
the point of view of practic(‘ can b(* reported. These 
j)rcservatives are used for the purpose of preventing unde¬ 
sirable types of fermentation or the loss of ammonia by vol¬ 
atilization. Of all the substances (miployed, acid phosphate 
s(‘ems to be the most important since it combiiKcs the 
capacity to pr(‘serv(‘ the ammonia, and to sui)ply supple¬ 
mental calcium and phosphonis to the manure, both of 
which increase its value as a soil-improving agent. 

MANURE AS A CROP-PRODUCING AGENT 

Remembering that nitrog(*n can be s(Hcured from the 
air through the growth of legumes, and that it s(‘ems pos¬ 
sible to return ai)pr()ximat(ciy SO per cent of sucli of this 
nitrogen as is contained in the legume hay in the manure 
produ(c(‘d from feeding it; that soils as a rule contain rather 
large amounts of jiotassium; it would .se('m that by the 
r(*turn of the manunc produced from fe(‘ding a large f)ortion 
of the crops it should be possible to maintain the yields of 
crops at a fairly higli lev(il, particularly if the soil was k(cpt 
supplied with limestone and the manure was supplemented 
with enough jdiosphate to make good the loss of this mate¬ 
rial in bone and milk. 

An inUcrcstiiig test of manure as a crop-producing agent 
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is afforded at the Ohio Ap;riciiltural Experinrient Station 
wh(;r(? manure aloiu^ and reinfon^ed with ph{)sphates has 
been used on a limed Woost(T silt loam soil for a period of 
twenty-one years. At the bepimiiiK of the test, tlu^ soil 
was not in a hij^h state* of product i\’ity and for that reason 
the averapie yields are not as hijj;h as they might other¬ 
wise have been. The yields follow: 


TABLE lAll 
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Eu;ut 'Pons or Manuuk o\ 
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[ 


* pluLsphatc- :il ruiv <»! 10 pouiicls per \ini <t\ niamirn 


Not only was the* si all manure eoiisiderably more 
effeetive than the o])en yard majiure, but the evidenee 
indieates that fewer tons of manure an* available with 
open yard storage. The addition of acid i)hosphat(‘ further 
increased the effectiveiK'ss of the manure. Ihifortunately in 
this as in most other nuinure tests of which records arc* avail¬ 
able, the manure used was not that produced from feeding 
the crops grown on the land to which it was applied, but 
such manure as was available on the farm from yc^ar to year 
during the* i)eriod of the test. A sonu'what better idea of 
the possibilities of crop jwoduction in tln^ livestock system 
of farming is to be found in another test, now in progress 
at Wooster, in which the manure resulting from feeding the 



USE OF SUPPLEMENTAL FEEDS 


165 


crops to steers is returned to the fields on which the crops 
f(Ml were produced. The manure is applied to the corn 
crop in a four-year rotation with soybeans, wheat and 
clover. All of the cr()])s are fed or us('d as bedding with the 
exet^ption of the wh(*at grain. Tn addition* to th(’: manure, 
2 tons of limestone and 700 i)ounds of acid phosphate per 
acre are applied every four years. 


TAUJ.E LXIII 
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USE OF SUPPLEMENTAL FEEDS 

Wliile supplemental feeds of necessity must come from 
some other farm, ja't the man who })urchases them has the 
opportunity to build up his own soil at the cx])ense of the 
soil of the farm fi*oin which they came. On the livestock 
farm th(T(* is ()j)})ort unity for choice b(‘tw('en buying fer¬ 
tilizers and buying feeds from which to get a supple- 
iiumtary fertilizer value. The following table gives the 
composition of a few of the conc{‘ntrat(‘d feeds from which 
can be computc'd the approximate nitrogen, phosr)h{)rus 
and i)()tassiuiii crontent of the manure produced from feed¬ 
ing them: 
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TABLE LXIV 

UOMTOSITION OF StANDARI) CoNf'KNTIlATKD FeKDS (AmKS) 


Pounds of I'-lements jier UKH) Pounds of Feed 

IVcil 

1 

1 

1 Nitrogen 

Phosphorus 

I’otassium 

Alfalfa hay 

2.5 1 

2 9 

10 0 

Plover hay 

21 7 

1 S 

11 2 

Wheat, bran * . . 

i 21 0 

1 2 

11 9 

Linseed meal * . .. 

1 .52 0 

i 

10 3 

Cotton seed meal * . 

t;7 s 

12 3 

12 1 

Soybeans . 

.5 4 3 

0 3 

IS 7 

Animal tankage *. 

101 0 

24 0 

4 .5 


I 


J'’roui Iloiirj and Morrison “ l'’i.‘t‘ds and FfcdiiiK " 

Ordinarily ('oncentratos arc purcdiased as a source of 
protein. Their use as feeds willi subseqiK'iil saving and 
use of the manure U'lids to ineniase the need for sui)ple- 
mental phosphate and limestone. 
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CHAPTER XIX 

SOIL SANITATION 

As soils boconio older agriculturally they tend to decrease 
in i)roductivity. In the noniadi(i ])eriod of civilization the 
solution of the problem of unprodu(di\’e soils was found in 
a change of habitation. Later it bcrcanie dc’isirablo to 
continue to cultivate the same land for an indefinite period 
and it was then necessary to study the means of overcom¬ 
ing th(' tendcmcy toward rc'duciion in juelds. Jethro Tull, 
in 1733, was of the opinion that the solution lay in the more 
intensive cultivation of the soil. Liebig, in 1S40, offered a 
chemical solution based on th(‘ theory that i)lants removed 
elements from the soil more rapidly than the sui)ply was 
renewed and that the lack of one t)r mon' of these ehiinents 
in availabk' hiriii became th(‘ limiting factor in crop pro- 
thiction. This marked the beginning of the fertilizer 
industry. Later a school of bacteri(»logists, of which the 
juoneers wert‘ Schlo('sing and Muntz, IIellri('gel and Wil- 
farth, Winogradski and Beycrinck, olTered a bacteriological 
exi>lanation of soil i>roductivity. Subsequent study has 
slu)wn that, no one of these exjdaiiations is adeciuate, but 
that the 'various jdiysical, chemical and biological factors: 
ar(i int(?rr(‘lated and may ojjerate either positively or nega¬ 
tively. 


SOME NEGATIVE CHEMICAL FACTORS 

Examples of certain negativ^e chemical factors have been 
gi\'('n in c,onnt;(dif)n with the i>roblem of acid soils. It 
will be re(;alled that it has been shown that the aluminium 
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which becomes soluble in such soils is toxic to crops. Other 
examples of metallir^ toxins are found in arsenic, lead and 
zinc which may be soil (iontaminaiijig agents in the vicinity 
of smelters. Consideration of the soil solution showed! that 
its rea(!tion, the ratios in which the various ions are present 
and the total concentration of wilts, unless kept Avithin fairly 
narrow limits, may ()])i‘rate as negative factors in relation 
to the productivity of soils. 

NEGATIVE BIOLOGICAL FACTORS 

The negative factors with whii*h this chapter is most 
concerned as related to soil sanitation an* biological in 
nature and includi^ such agents as jdant diseasi^s, inse(d.s 
and weeds. The conti'ol of these fa(*tors may affect, in 
one way or anotlii;r, the policy of the farmer in connection 
Avith his system of soil management. It is for this n^ason 
that crop rotation has received so mu(h attention. Rota¬ 
tion not only has the effect of regulating tin* available 
quantities of the several essi'iitial elements in the soil, but 
also provides a means of holding in cht^ck certain of these 
negative biological factors. With more int(*nsive cultiva¬ 
tion it. has been found necessary to take (‘special ])recau- 
tions to control plant parasit(\s which live in the soil, both 
by ])revention of unnecessary contjiniination of the soil 
and by chec^king th(‘ir abnormal d(‘V(*lopm('nt wluai pres¬ 
ent in the soil. In this, various nu'thods have b(*(*n em¬ 
ployed such as .sterilization by heat and antisejitics, control 
of th(^ soil reaction and the development, of diseast* rctsistant 
strains of crops. 

A SANITARY REASON FOR CROP ROTATION 

Of con.siderable hiterest in this (connection is the point 
of view exiiressed by Jiolley, who has calk'd attention to 
the problem of soil sanitation in n'lation to the growing 
of wheat, under the continuous (Topjhng system practiced 
in the Dakotas. It is his opinion that the explanation of 
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the reduction in yields, which is commonly experienced 
under such conditions, is to be found in the accumulation of 
parasitic organisms in thi‘ soil wliich attack not only the 
above ground portion of tlu' wheat i)laut.s, but also their 
roota Bolley believes that the good elTect-s of ]U‘oper tillage, 
crop rotation and the use of fertilizers and lime arc often 
indirect in that they serve as means of control of j)arasi1.ic 
organisms either by making conditions unfavorable for 



Fkj. 20.—“With more inU'iisivo cull i vat ion it has Iutti found necessary to 
lake e.s|>eeial erecaiilion t(* control i)Iant |)arasiles uliicli live in the soil.” 
Effect of C’ahhase Vellous. (('ourte.s\, Wisconsin Experinient Station.) 


the parasites or esjx'citilly favorable for the hosts, thereby 
enabling the latler to resist the invasion of the jiarasites. 

The virulenc(‘ of partisilic bacteria is often found to 
be related to the fr(‘(|iu‘ncy with which they hav(' ojtpor- 
tunity to live within the tissues of the host. ( roj) rota¬ 
tion is a means of reducing this fretjuency. One of the 
po])ular rotations in the C’orn Belt is corn, wheat and red 
clover. As previously mentioned, difliciilty has been en¬ 
countered with tliis rotation, in part, by reason of tlie crop 
sequein^e and in ])art b(?cause of the frtniuency with which 
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clover reappears in the rotation. One of the serious ene¬ 
mies of red clover is an anthrac^nose ((^olletotriehum tri- 
folii, Bain). Fortunately alsike clover and sweet clover 
do not ser\’e as hosts for this i)arasite. The i)ractical sug- 
g(‘stion is made, therefore, that, alsike or sweet clover be 
substituted for red clover ev(Ty second time around the 
rotation where this ])anisite is present. Another means of 
control is that of lengthening the rotation to include oats 
or soybeans, i)referably the latt c'r because of the nitrogen- 
fixiug capacity of its nodule organisms. Other rotation 
suggestions linve been made in conn(*etion with the con¬ 
trol of otluT parasitic organisms which liv(‘ over in the soil. 
Economy of labor will usually decide the s(M]uence of crops 
in a rotation uiih'ss some other reason becomes more immi- 
inent. There is lu'ed to investiga,t(' rotations from the 
point of vi('w of seipjence and length as related to soil sani¬ 
tation. 


THE DISSEMINATION OF PLANT DISEASES IN MANURE 

Another of the int (‘nesting sugg('stions of Bolley is that 
th(^ manure sprc’ader is a \'ery eth'ctive agent for dissem¬ 
inating plant disease organisms. He is of the opinion that 
it may be desirable' to cemijiost tlie manun' in order that 
the heat of h'rnu'ntation may de'stroy tln^se orgaTiisms. 
Oth('r plant ])athologists i)oint out that, diseased plant 
refuse' should not. b(' permitted to get into th(^ manure heap. 
Tlu'y (lue.stioji the advisabilit}^ of h'eding all kinds of refuse 
material from crojis to livestock jiaiticidarly where such 
croi)s as cabbage are grown. Notable examples of the 
almost complete loss of this and others of the more' s})e'e*ial- 
ize'el creips, from jiarasitic organisms which have accumulateel 
in the soil unde'r inte'iisive syste'ins of crop])ing, are wedl 
known, particularly where' little e'are was e'xe'rcised in e^em- 
neKdion with the' si)re'ael of the* organisms in manure and 
soil. 

It is evident that e*,onimeiciaI fe'rt.ilizers have ct'.rtain 
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advantages in this connection since they are not likely to 
carry disease organisms. They are also especially valuable 
as sources of readily available mineral eleuKUits and nitrogen 
which, if properly balanced, are believed to aid the plant in 
developing resistance. Then' is also o])portunity to con¬ 
trol the reaction of the soil at a j)()iiit which may be unfav¬ 
orable for the parasitic organism but not to the host. The 
use of lime and sulphur in eonnectioTi with th(' club root of 
cabbage and the scab of potatoes are notable examples of 
such methods of control. 

DISEASE RESISTANT STRAINS OF PLANTS 

Considerable attention is bt'ing given to the dev^^elop- 
merit of dis(^as(‘ resistant strains of croji i)lants. A notable 
example of such a strain is found in the Kaiired wheat which 
is resistant to black stem rust. In Wisconsin, Jones and 
his co-workers hav e achi('ved marked success with yellows- 
resistant cabbage. The Tennessee agricultural ('xjK'rinient 
station reports the selection of a strain of red clover which 
is not attac'ked by anthracnose. Duggar comnu'nts on 
this problem and na'iitioris the iron cow])ea, Dillon cotton, 
Scott carnation and Kieffer p('ar, as example's of strains or 
varieties of jdants in which resistanc*' to Uii' most serious 
diseases commonly affecting these ])lants has be^'ii noted. 
He also adds that while' disease' resistane*e may be' inher¬ 
ited it may e'haiige markedly as the e'liniatie* and se)il e'e)n- 
ditions under which the he)st may be growing alse) change. 
A knowleelgc of the cemelitiems e)f the se)il as to te'm])eratu7’e, 
moisture cemteuit, reaedieui and e)tlie'r properties whie*h will 
best aid in the cerntreJ of s])eenfie'. parasites is desirable. 
When these' are known it may be' pe)ssible' that the system 
of management of the se)il e*an be change'el tf) satisfy the 
re(|uirements without altering its effe'ctivx'ness in making 
the mineral nutrients anel nitroge'ii in tlui se)il av^ailable 
for crop use. 
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STERILIZATION OF SOILS 


Ill a small way in ilie groonhoiise and in plant bods, 
control of diseases can be efTectc'd by st('rilization of the soil. 
Formalin and steam are the two common materials used 
for this piiriiose. There is ne(‘d for some method of sterili¬ 
zation for fi('ld purposes. The most promising material 
thus far suggested for this purjiose is bleaching powder which 
liberates chlorine when in contact with the soil and leaves 
an alkaline residue. Kainit and common salt, have also 
b(‘en used to some exti'iit although the nature of their 
action is not (h'finitely known. An examjile of a very effect¬ 
ive organic comjiouiid is lound in jiara-tli-chlor benzene, 
the agent employed commonly in th(‘ desti’uction t)f peach- 
tree boHTs. 


In anv case it is necessarv to know not only the effect 
of these mat ('rials on the disease organisms liut also on those 
which ar(‘ iK'iieficial and on the cro]) jilants as wc^ll. "Jliis 
makes it n('C('ssary. as a rule, that the disinfecting agent be 
volatile or that any rc'sidue rema,ining in the soil b(' not 
injurious, eitlu'r directly or indhx'ctly, in previ'iiting the 
multiplicati(Hi and activitic's of a dc'sirable soil flora. It 
would s('em di'sirable in gr('('nhous(' practice' to follow soil 
st('rilizati()n with inoculation by th(' use of soil or artificial 
cultun's known to bc' free of organisms capable of prodiu*- 
ing disease in the croi)s. 


PHAGOCYTIC THEORY OF SOIL INFERTILITY 

In studying the effect of t('mperature on oxygen absorp¬ 
tion by soil, l{uss(‘ll and Hutchinson of Tiothamsted found 
that th(* rate of absor])tion was ve'ry mu(;h increased by 
partial sterilization of th(' soil. Further study of this 
problem hul them to b('li('ve that ordinary soils contaiiKMl 
some factor which was inimical to the deve'loiunent of bac¬ 
teria. TIk'v latc'r came to the conclusion that this factor 
was the soil protozoa and that the abnormal l)acterial 
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development following partial sterilization was due to the 
dcstriietion of these phagocytes. 

This “ i)hag()cyti(': tlu'ory ” of soil infertility gave rise 
to a considerahle ainouut of discussion and investigation 
on th(i use and effects of heat and \'olatile antiseptics as 
partial sterilizing agents in se)ils. As a re^sult it has been 
she)wn that tlic e'fTert of sue*h ageMits is to redue*e, teinperarily, 
thei te)tal number of organisms in the^ soil, but- that this 
reduction is later followe'd ley an abnormal inciTase in num¬ 
bers anel by a, marked stimulation of the plants greewn on 
the seeil. An exce*llent revie'w of the' invc'stigatieenal werk 
on this phase eef tlie soil jroble'in is give'n by Kojee'leeff and 
Coleman, who conclude that bc'yonel the known facts that 
ereep greewtli is stiinulate'd; that tlie cht'inical eHnnieosition 
of the seeil solution is alte're'd anel that the bioleegie^al activ- 
itieis are profounelly intlue'iice'el by partial sterilization; 
“ data of a elefinite anel funela,mental character are wanting.” 


EFFECT OF VOLATILE ANTISEPTICS ON THE NUMBER OF SOIL 

BACTERIA 


An examine' e)f the e'flee*! of jiartial sterilization on the 
number of bacte'ria in soils may be se*lected from the werk 
e)f Frexl. Jn this test carbon hisulidiide was use'el as the 
antise*j)tic agent. 
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Such a marked effect on the numbers of bacteria must 
l)c accompanied by considerable changes in the availability of 
the mineral ('lemeuts and iiitroj»;en in the soil. Fred found 
that as the numbers ef biiet('ria increased there was an 
accumulation of ammonia followed later by a corresfjond- 
ing increase of nitrates. 

INSECTS AS NEGATIVE FACTORS 

Insects constitute a second group of negative biological 
agents whose' control may make' it lu'cessary to alter the 
system of soil management or the croi)ping sequence which 
would otherwise be employed. Fh(' be^st weapon the 
farmer has in fighting inseu*!.-! is that of making (H)nditions 
unnatural for them. This may be accomplished by crop 
rotation, by the time or depth of ])]owing, by the method 
of prejiaration of the' soil for planting, l\y th(' time of plant¬ 
ing and by the f(Ttiliz('r ])rae^tice. \\’ith the Hessian fly, 
rotation forces migration and subjects the frail insects to 
disasters enroutc'. Delaying the seeding of winter wheat 
is an effectiv(' means of control, but this requires that more 
fertilizer be used to enable the wheat to make sufficient 
growth to l)e abh' to withstand th(' winter weather. Cut¬ 
worms, grubworms and wireworms can be controlled in 
part b}'^ fall, wintc'r or early s]iring jdowing, 'which subjects 
them to freezing. Probably one of the most difficult 
])roblems in connc'ction with th(‘ control of insects is that 
pn^sented by jiermaiK'nt ])astur(!s in which rotation is not 
feasible. Osborne' calls attention to this problem in a very 
impressive statement in which he indicates that “ run out ” 
jiastui’es may not be so much tlu' n'sult of soil exhaustion 
but t)f an accumulation of insects and other parasites of 
I)asture grass('s. Jt is possible' that the use of phosphates 
and limestone, which ordinarily show such marked effects 
on ])astures, might not b(‘ so iiecessary if these parasitic 
agents could be kept under control by some type of insect¬ 
icide or fungicide. 
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WEEDS AS NEGATIVE FACTORS 

Weeds may also be considered as parasites in the sense 
that they rob the crop plants of water and soil nutrients. 
Thej^ may also serve as hosts for diseases and insects which 
are injurious to crops. A notable example of this is the 
barberry as related to black stem nist of wheat. The con¬ 
trol of wcchIs is accomplished larg(‘ly through crop rotation 
and clean cultivation. On the continuous wheat plots at. 
Rothamsted it has b(‘cn necessary for years to hand-weed 
the wheat and finally to kec'p the plots under fallow for 
one crop season. 

On the other hand, we(‘ds function hi the capacity of 
conserving ag(‘nts by kcM'ping the soil covereKl with veges 
tation and aiding in the pn^vention of losses by leaching 
and erosion. They also sctn'o as green manuring crojis. 
It is possible that invc'stigation would show tliat certain 
siiecms of plants which are now classe'd as weeds could be 
used t.o advantage as a means of storing u]) soil edeinemts 
in organic combinations to be later use'd by crop jilants. 
The heavy growth of ragweed (.Vmbrosia) white top (Erig- 
eron), pig weenl (Amaranthus) and many otluT eiommon 
v'(‘eds would make it appear logical to study their value as 
green manuring crops. 


BACTERIA AS COMPETITORS WITH PLANTS 

In additiem to the baeheiaa which produce' diseases eif 
plants, other’s whie;h are le'ss freepiently nientiorieKl also 
merit euinsideratioii. Refereaice has jirexiously be^cn made 
te) nitrate reduction which may oe;cur wheai soils are' we't 
and as a reisult of which the nitreigen eif nitrate\s may be 
lost as free nitreigen gas into the' atmosiihere. IJndeT cer¬ 
tain ceinelitieins bacte'ria may be' active e'omjietiteirs with 
plants feir the seiil e'k'iiie'nts, partieailarly nitrogen. The 
plowing under of large amounts of straw, hc'avy e*rops of 
non-leguminous green manures such as rye, or fresh, strawy 
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animal manures often gives unsatisfactory results. A vari¬ 
ety of reasons can b(' assigned for the bad effects often noted 
in such cases. Among these may be mentioned tlu' fact 
that as the (^arbonac(*ous materials undergo decTunposition 
the bacteria r(\s])onsibl(' for it increase more or less to th^^ det¬ 
riment of thf)se which bring about nitrification and with the 
result that such nitrogen as may bt'coiiK' available is utilized 
by the bacteria th('ms(‘lv(;s. hrecjiiently crops grown on 
soils thus treated have every ai)])(‘arance of lacking avail¬ 
able nitrog('n. If such materials are to be int^orporated 
in the soil, tlie jdowing should l)e done as far in advance 
as may be possible ))cfore the croj) is i)lanted. 
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LIMING MATERIALS 


The corroeliw ajjioiit om])l()vocl on a(*id soils is usually 
calcium or uaignosium in Ihc oxide, hydrate or carbonate 
form. These products ar(' ordinarily derivt'd fi'oni lime¬ 
stones which vary in their chemical com])osition from 
almost pure calcium carbonate to nearly pure dolomite. 
The percentajJies of im])urities in limestone vary within 
wide limits. T\sually limestoiu' is not used for agricultural 
purposes \\hen the impurities exce(‘d lo ])er cent. In some 
localiti(‘s there are large de])osits of marl or chalk which 
arc used on the soil after b(‘ing pulverizcnl. Thes(' (|uite 
often contain from 75 to 95 p(‘r end <*alcium carbonate. A 
number of manufacturing jwocesses have hydrated lime or 
carbonate of lime as a, by-product, which may also be used 
for neutralizing the acid in soils. 

RELATIVE VALUES OF DIFFERENT FORMS OF LIME 

A considerabh' amount of discussion has ariscai as to 
the most desirable form of linn' to use. Naturally iid<‘rest 
is aroused in a ])roduet largely in ])roi)ortion to the amount 
of advertising and sah's j)romolion which it receives. For 
this reason farmers in some localities ai'c convinced that 
(juicklime is imd’erable lo ])ulv(Tized limestone while in 
oth(T localities (juite th(‘ opposite o])inion jwevails. Like¬ 
wise there are dilTc'reiices of oj)inion concerning the relative* 
merits of liydrated lime, marl, preciintated carbonate of 
lime and limestone of different d(‘gi‘(‘es of fineaiess and 
with different ratios of calcium and magnesium. 
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It is a woll-known fact that the clenu^nts calcium and 
magnesium have other functions in the soil and jilant, than 
simply those of neutralizing acids. It is probable, therefore, 
that a calcium stone or its product will be preferable to a 
magnesium stone or its prodiud. in some cases, while the*lat¬ 
ter may be more (effective' in others. It is generally agreed, 
however, that tin' primary ])urpose in liming the soil is 
that of regulating the soil n‘a(‘tion and correcting certain 
acid soil conditions whi(*h interfere with the growth of 
plants. On this basis the relative iiK'rits of the several 
liming mat ('rials can ordinarily ])e ascc'rtaiiaxl from thc'ir 
neutralizing capacities and llic'ir sohibiliti(‘s. If for any 
reason it s('('ms d('sirabl(' to cl 'vc'lop consideralde alkalinity 
in the soil, which is ordinarily not the case, then tlmre is 
opportunity for choice' of the oxide and hydrate forms. 

THE TOTAL NEUTRALIZING POWER OF LIMING MATERIALS 

The n'lative lu'utralizing ca])aciti('s of ('qual weights of 
limestone and its ju'oducts (*an be (h'termined by measuring 
the amount of soiik' standai’d acid with whi(‘h eciual weights 
of these niat('rials will react. .Vssuniing that the liming 
materials contain no impuritk's, their rc'lative neutralizing 
powc'T’s can Ix' calculat('d from tlieir forinuhe and would 
be as indicat('d below, using calcium carbonate as the basis 
at a value of JUO: 

I'AlilA-: LXVl 

JOoi.ATiM. ok Limixc Matkkials 

Oil U;isis t)i ('mIciuiii C:irl)oii:i((' at 100 


Tnn' .Materials 


K(‘lalive Weifrlits 


t’aleiiuii earlionale or lllrle^lolle 
(-aleiuiii oxide oi Imnied limc' 

('aleiiiin hydroxide or hydnded lime 
Galcimn-niafJinesimii carlioiiali' or dol()ini1(‘ 
('iileiiini-rnannesium oxide 
C'aleiuni-iyaKHosimn h> droxide 
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With iiripure matei*ials the neutralizing power in terms 
t)f calcium carbonate' must be (lettTinhiod for each product. 
Onc(^ this is kjiown a basis is jjrovided for calculating the 
relative values of tlie s('V('ral materials, assuming uniformity 
with refereiK^e to their otlier propei'ties. It is apj)arent 
that liming mate'rials will vary in tlunr rates of solution 
and total solubilitic's (h'pending upon the chemical foi'in in 
which they exist and the fineness of division of the* i)roduct. 
Macintire found that the solubilities in carbonated water 
of certain liming inate'rials which he ijivesligate'd were as 
indicated below: 


1'ahlk lxvh 

SoLl'HIUTIKS OF Limi\(; M.vtkuiai.s in Cauhonatki) Watick 
In (Irnriis of C'.'ilciiiiii (’atLonatc J'’qiiiv:il('nt jut Liter 



drains pni’ Liter 

(’alcitiiii 

1 0 

MafiiK'siiini oxuli* 

IS (> 

(’nlcmiii carhoiialf' 

1 1 

MaKiu'Miiin carlionalc i 

14 \ 

Liiiu'stoiK* |)assnifi lOO-nirsli sic\ t* ' 

0 a 

Ddloiuitc' ]>assuin l(M)-ini*sli si(*vc 

0 


Inxestigations of Morgan and Salter show that the rate 
of neutralization of soil acids by pulverized limestones of 
uniform fineness decreases with increasing ])ercentages of 
magnesium. 

FINENESS OF LIMESTONE 

The effectiveness of limestone in the soil is ordinarily 
determinetl by its (ineness and the extent to which tlie par¬ 
ticles have been mixed with the soil. Distribution in the 
soil can be much mon' ('fl'ectively accoini)lish(‘d if the 
product is relatively line although there is a limit of fineness 
beyond which distribution is ]('ss easily effected in practice. 
White has studied the rate at which soil acidity is neutralized 
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as influenced by the (l(‘gre(^s of fineness of two limestone 
products. A coinpiirisoii was also made with burned lime 
as indicated below: 


'I'XBLK LWill 

I 

Fixkxi.ss of JjImfstoni. as [{i'.la'i i;!) to FFFKf'TivKXKss IX Ann Soils 
IVr C'l'iit of ]^iini'-AI)S<irl)iiii; (':i|):i«’itof S(»il Siilisfiod in Four Wot'ks 


l’ro<lii(‘l I'scd 


l'’roiii l‘’r«)in 

I.mH‘>toin“ ' i)()l()initr 

I 


Hunifil lime 


SI 

l(K)-iiu>li liiiu’>ti»iic 

SO 

7S 

(i()-in<‘''li iiMK'^loiu' 

(11 

2<) 

llMK'sloIK' 

»!♦> 

> » 

: 10 


22 

7 


Ground linieslone uMially contains a mixture of fine 
and (*oaJ‘se materials and is tlu'j'efore somewliat more 
effective than would be indicated by the figures for the 
coars(‘. jiroduct h) tli(‘ tabl(‘. Here again the dolomitic 
stone was slow in its rat(‘ of actioji, not only in the case of 
the i)ulv(M-i/e(l rock but aL-o hi that of its burned ])roduct, 
although the difl’erenc(‘s were much less marked in the 
fine materials than in tlu; coarser ])rodu(*ts. 

COMPARISON OF HYDRATED LIME AND LIMESTONE 

Hartwell and Damon have re])orted a comparative test 
of hydrated lime and ])ulv(‘iized limestone derived from 
the sam(‘ dolomitic rock. The limestoiu' was jiulverized 
to the ext (ait that all of it would pass a U)-m(‘sh si(‘ve, with 
hO per c(*nt jiassing a sieve' with SO meshes t.o the inch. 
Some of the fhuT mat ('rial was sejiarate'd from tliis product 
for furth('r conijiarison. 'i’h(' t(‘st ('xteiukal over a five- 
year i)erio(t The cro]:)s grown w('re alfalfa, b('ets, (;arrots 
and barh'y. A liberal application of fertilizc'r wais made in 
order, if possible, to prevent the lime from having any other 
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effect than that of correcting; acid soil conditions. The 
liming materials w(‘re a])])lied in amounts ecjuivalent, to 
2140 pounds of calcium carbonate i)er acre at 1h(' l)(‘ginning 
of the test. The following data show the immediate and 
average effects of the liming mat (‘rials on the crop yields: 


TABLE lA'XIX 

COMrAlllHON OK H yi)ll \TK.I) LlMK \M) (iljorxi) LiMKSTOXC 
^ it’ld of (*r()j)s in BiinIu'Is or lIiiiHlrodwoiiriit |)(*r Aero 



1 II.Mlraled 
! Lmik' 

iC-Mcsli 
Liiiiest one 

S0-]\l('sli 

laineslone 


1 




Alf;ill;i 

1 A 

L'7 

1 

1 :{7 s 

('lllTol.s 

! LMa 0 

17'J 

a 

227 (» 

lii'ids 

‘JSU 0 

•Jl.*) 

0 

2!M> 0 

BmiIcv li:i> 

11 2 

~ 

1 

a 

() 2 

Fi \'( '-"N' (‘.M )■ A v(' r; 1 n( ‘s: 





Allalf:! 

1 -n s 1 

.‘{(i 

1 

:i2 Cl 

(’illTols 

j ;;.5s 0 1 

:n 1 

0 

:;()2 0 

Beets. 

; LM-i a 1 


0 

227 a 

Tiarley hay 

i ' 

‘jr> 

1 1 

2; 5 1 


The li\’(*-year average yields of the unlinuHl plots were 
21.8 himdredweight of alfalfa, 27S bushels of carrots, 02 
bushels of b(‘('ts and ]!).4 hundn'dwc'ight of barley hay per 
acre. The authors (‘onclude that hydrab'd lime is more 
('ff(‘c,tive the first y(‘ar but that for the fiv('-y(‘ar ])eriod the 
lO-rnesh product is practically ecpial in its eff(*ct to an 
eciuiv.ah'iit amount of neutralizing power in the form of 
hydrated lime. 

TIME OF APPLICATION OF LIMESTONE 

When limestone is a.(ld(‘d to the soil, its efh'ctiveness is 
d(4.ermin('d in large part by the (‘xteiit to which it (tan b(‘ 
distributed and thoroughly mixed with tint soil. It is for 
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this mason that it is usually moommonded that liming 
materials be added to the soil immediately following plow¬ 
ing in order that the two may b(' thorouglily mixed in the 
preparation of the seed })(‘d and i)('rha])s in the subsequent 
cuIti\ation of a elean culture crop such as corn. Under 
conditions in wliich corn is to ])e followed by one or more 
other crops, which, like it, ar(' not especially sensitive to 
acid soil conditions, the soil and linu'stone may become very 
intimately niix(‘d by the time' tlu* legume cro]), from which 
the maximum beiu'fit is to be deri\'ed, appears in the rota¬ 
tion. Under such conditions a somewhat coarser product 
might b(' used to advantage. 


SUMMER AND WINTER APPLICATIONS OF LIMESTONE 


In general farming wlu're large acreages of land are 
under cultivation, s])ring and fall a])])lications of limestone 
on corn and wheat, respectively, or on similar (Tops in other 
rotations, are attemh^d uith consid(Tal)le difficulty because 
of the limit('d amount of tim(‘ available'. Oftentimc's with 
already delay(‘d ])lanting b}" irason of irr('gulariti(!s of the 
AV(\'ither, a further (h'lay foi* th(' ])urpose of liming the soil 
may losult in consid('rable reduction in yk'ld of the crop 
grown that year. In g('neral tlu' n(*t effc'ct of such diffi- 
culth's is to ])revent th(' n'gulaj* use of liiiK^stone in ade- 


(juate amounts. It is for this jvason that it has been 
found (h'sirable to consider the nK'aiis bv which liiiK'stone 
(rould be mad(' ('ffeclixe wh(Ti a})plied at some othcT s(^ason 
of the y(^ar. The most, convenient times, from the ])oint 


of view of the farnn'r of the Uc'iitral West, are in the summer 


and w inter ratlu'r than in th(‘ si)ring and fall. With a rota¬ 
tion of corn, wheat and clover, the linu'st.one may b(; a])])lied 
in tlie wint.('i’ as a toj) dressing on wlieat and preceding th(i 
sowing of clover sc'ed; in the summer on the young clovc'r 
following Avheat harvest; iji the succe('ding AvintcT on the 
yoimg clover; or during th(' next summer on the clover 
sod after the hay croj) has been harvested. 
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It is ai)pa,rciit that inaxiiimiu efficiency for that par¬ 
ticular season can s(*arccl,>' b(‘ exj)cctecl wlicii the limestone 
is applied to the siu’facc and (‘liters th(‘ soil only as it may 
be carried downward in solution in the soil wat(T. This 
eon«entration of the linu'stone on the surface may be favor¬ 
able to the new sc(‘ding of clover, however, since the soil 
at the surface would have a sre^ater alkalinity than if the 
linK^stone w('re equally distributed throuj>;h a cultivated 
layer of soil. It is possible if the j^oung clover plants get 



Fui. 21.— “Hv llio liJiK'sio/ic (HI llic clover sod in Viijiiisf 1li<* work 

can i)c doin' wlnni liie roads arc in {i;ood couditioii and nliile 1 he work on 
lh(' farm is slack.” 


well started, that they may be able to satisfy thcar lime 
reciuirements fiom the surface soil ev(‘n wJiih' their roots 
are growing downward in an acid sub-surface soil. The 
more soluble burned or hydratcnl lime oi’ the very finely 
pulverized limestone should be more elective under such 
conditions. 


APPLICATION OF LIMESTONE TO CLOVER SOD 

Wh('n limestone is ajiplic'd on the (hjver sod previous 
to plowing for corn, tin* (iimstion aris(’s as to the distribu¬ 
tion of this limestone when tin* soil is plowc'd. Usually 
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tlio furrow is sot on insieiwl of hoing turned com¬ 

pletely over. TJie liiiiestoiu' would tJien Ix' left in vertical 
layers and subs(‘(iii('ntly mixed with the soil by the hori¬ 
zontal action of cultivating machinery. The ethcieney of 
such a method of distribution is somewhat discounted by 
th(' fact that usually only the surface' few inches of soil arc 
thoronglily mixed in tlie ])re]iaration of the seed bed, and 
also because' the je)inte'r te'iids to bury the liinesteaie niejre 
eleejdy than wenilel be' the' e'ase if it were not used. Ovc'r a 
pe'rioel e)f ye'ai’s in which the' furre)w is turned se’veral timers, 
the Ihiu'stone probably be'conu's we'll mixe'd with the seal, 
])articularly if the furrow slie*e is ele'e']K'ne‘el a little c'ach year. 
AVhe're the use* of lime'stone' is maele* a re'gular part of the 
se'he'ine e)f soil maiiage'me'Jit the plan shoulel ]>rove satis¬ 
factory, both from the ])oint of vie'w of the* elistrilmtioii 
of labe)r and the* ('flicieia'y of the* linK*stone'. 

This assumption is sui)])orte*d by senne e'X})eTimental 
ewieleniere eui the subje'ct s('(‘ure*el at the Ohio Agricultural 
I*ix})e'rime'nl Station. In tlu'se* te'sts two tons e)f fine'ly 
])ulve'rize'd lime'stone ])e‘r acre we're apidie'el one'c eluring 
e';i.ch femr-vear rotation but at diftcre'nt time's in the rota- 
lion on the various plots in the* te'st. The elata of e*re)p 
yie'lels for the fii-st e'ight ye'ars of the test are given below: 


TMU.I. n\\ 


]'>FKfTTvi:NKSH OK Limk.stom; An 1 )i;’ri.mil w.i) 


llY 'I'lMIO 


liim'MM' fjoiij I'wo Tons of Jjiinc'toiu' - Woo^lci Sill 


OK AI’I’LICATION 
Lo:ini Soil 


'J’linr of ApiilH'iiUon 

(’.orn, 

Oats, 

■ Wlu'at, 

( Mover, 

of LuiicnIoik' 

Pii 

liii 

1 Jin 1 

1__ 

tHvl. 

1 

On corn. 

10 J 'J 

1 Oo 

1 

2 1 r. 

to -12 

On wheat. . 1 

S 00 

0 10 

2 .SO 

11 7S 

On new sccdiMfi clover ! 

7 :ii 

().‘J4 

2 11 

7.47, 

On clover sod ... 

0 07 

1 .7'i 

3.5:i ! 

7 3li 

Ono-foiirlli on each croj) . | 

j 

0 70 

1 

1 

] .43 

1 

1 

1.77 

S 40 
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Discussing those tests, Willinms writes that it is fortu¬ 
nate that the most con\'(‘ni('nt time of application is so 
satisfactory in its results. J^y a]^pl3’ing the limestone' on 
the clover sod in August the vork can bo done when the 
roads are in good condition and whiU' the work on the farm 
is slack. 

In the more' intensive sj'ste'ins e)f mai’ket garden farming 
there is reasem te) be'lie've that me)re atte'ntieui shemlel be 
given to regulating the' re'ae-tiem e)f the soil se)lutie)n te) suit 
the neexls e)f e'ae*h cro]) gre)wn. Memtie)n has be'on made e)f 
the use e)f sul])hur as an age'iit te) elevele)p acielitv"^ fe)r pre¬ 
venting the attae*ks e)f ])otat () se*ab. The' use e)f burneel lime 
fe)r producing a high alkalinity fejr e^abbage' as a means e)f 
preventing the eleve'l()])me'nt e)f e'lub re)ot has alse) beH'ii sug- 
ge'sted. Turther inve‘stigatie)n will uiieloubleMllv she)w the 
pH whierh will me)st ne*arly tit the re‘eiuirements e)f eae'h 
crop or will be'st lH)lel in check its parasites. In intensive' 
farming, therefore', it is te) be' e'xpeeteel that the burned 
prerehict.s may be' in many ways more useful than the gre)und 
limeste)ne. The' a])plicatie)ii e'an be timed to fit the' needs 
of each ci'O]) grown. 


SOME POINTS OF CONTROVERSY 

An exce'lle'iit elige'st of the many e*ontrerve'rsial pe)ints 
in e'eniK'e'tion with the use e)f lime*ste)ne' anel its })i'e)elucts is 
given by Fre'ar'. .V furthe'r re'view anel sup[)le'mental stud}'^ 
e)f the' eflect e)f caustic lime e)]i the se)il isgive'ii by Alaclntire. 
The data available' inelicate that the'ie is little e'he)ie*e ame)ng 
the seve'i’al e'he'mie*a,l fe)rnis e)f lime', in the' ejuantitie's in which 
the^^ are e)i-elinai*ily use'd in ge'ueral fai'ining, whie-h can be 
suppea-te^d by aele'epiate^ expe'rimental eviele'ne'c. ITsually 
the de'cieling ])e)int is the cost per unit e)f eift'ee-tive ncutraUz- 
ing pe)we'r ele'li\'ere'el anel a])j)lie'el te) the' se)il. This means 
that the)se genc'ral farmers whe) are' ne'ar the railway sta- 
tie)n e)r soure^e erf sup])!^" will be' rnerre intere'ste*el in the 
coarser and thei’ederre cheairei’ mate'rials sue-h as limesteme 
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screcTiings. liongcT hauls iiiakr it advisable to use smaller 
ainounts of more finely inilverized limestoiKi. Where the 
hauling distance is still great( t, huriu'd lime may be the 
most economical lu-oduct. The hydrated lime is of neces¬ 
sity more expensive p(Tunit of ('fT(H*tive neutralizing power, 
but finds a ])lac(' on thos(! farms where' immediate effects, a 
W'ell-devel()})ed alkalinity and conveuiieiice in handling com¬ 
mand a premium. Dolomitic stone and its products have 
higher neaitralizing j)()W(‘rs than calcium stone and its 
products, but the lower solubility of the former and its slower 
rate of action in tlu' coarse'r limestone products may more 
than overbalance this advantage. 


SUGGESTED USE OF LIMESTONE 

The amount of any given liming material to use will 
depend largely upon the acid condition of the soil, the 
crop or cro})s to be grown and the economic problems 
involved. SeviTal of the agronomists have giv(ai rather 
specific sugg(‘stions on flu* amount of lime or limestone to 
use. in which an attempt was madi' to take all three of these 
variables into consid(Tation. Oik' of the most serious dif¬ 
ficulties involved is that of d(‘terminhig how much lime is 
re(iuired by the soil to bring its reaction to various ])oints 
belie^’(‘d to be the optima for the several croj)s. .\ number 
of methods hav(' b(‘en suggest( hI for dett'rmining the capacity 
of the soil to absorb lime annmg which that of Veitch, pre¬ 
viously mentiojicd, was formerly rather gencTally employed 
for quantitative' j)ur])oses. A soiiK'-what more conveni¬ 
ent method, and one' which is p('j-haj)s eepially satisfactory 
as a means of (l(‘t('rmining the relative' amemnts e)f lime 
required by soils te) bring the'in to semie^ de'sireel reactiem, 
is that e)f e'xtracting the seals Avith a, se)lutie)n of semie se)l- 
uble neutral salt, such as })e)ta,ssium nitrate e)r calcium ae;e- 
tate, by which the amount e)f re'])lave'able ireai anel aluminium 
can be e,stimat(Hl. Of these' the lle)i)kins anel the Jemes 
me'the)els are in ceanmem use. 
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SUdGESTED USE OF LIMESTONE 
Dei)iirtmoiit of Soils—The Ohio State University 
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Fici 22—Oonou (hiAirr roit T>iiocva.\ate S(»il Acidity Test 
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* Thiao iiuitibcr>s n-ft-i to tlio depth of color us iudiouled ou the chart alnue 


Most of these methods are of use only in the labonitory. 
Accordingly, considerable attention has been givTii to the 
inctliods whicli might be more useful for field jmrposes. Of 
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these the Comber acid soil test is the most promising. In 
this test from 2 to 3 grams of soil are shaken with 5 cubic 
centimeters of a 5 per (ent solution of potassium thiocy¬ 
anate, dissolved in alcohol, which gives a red color with acid 
soils, the d('pth of color being determined by the amount 
of replaceable iron in the soil. Since most soils contain iron 
which can be thus extracted when these soils become acid, 
the test seems to give a roughly quantitative answer to the 
(juestion of how much lime to apply, if the variation in the 
requireintuits of crops and the economic factors are taken 
into consideration. 

As an example of the suggestions on the use of liming 
materials which have been made by the various agronomists, 
may be mentioned those dif.tribiited among tlu'i farmers of 
Ohio by the Dei)artmciit of Soils of the Ohio State Univer¬ 
sity. The color chart (Fig. 22) shows the depths of red 
produ(!ed l)y shaking soils of difTerent degrees of acidity 
with a solution of ])otassium thio(yanate. The succeeding 
ta])l(‘ givers the suggested rat.e of application of limestone 
for the several crof)s \A hen gi'own on soils of various degrees 
of acidity as indicated by the test: 
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NITROGEN FERTILIZERS 

It is geiionilly ussuiiiod tlwit a larp:(' ]):n*t of the nitrogen 
of crops will b(‘ s('cur(‘il from M.tmosi)lu'ri(* sources by the 
growth of legumes uiid through the ;ig(*]icy of iioii-symbi- 
otic iiitrogen-fixiiig orgruiisms. A combination of circum¬ 
stances has mad(‘ it souK'nhat mon' diflicult, to realize a 
profit from tlu' use of comiiK'rcial nitrog(*n than from either 
of the other fertilizer ehamaits ordinarily apjdied. This is 
I)arti(ailarly true with such cro])s a,s corn and wlu'at and 
under conditions in which the ehanent nitrogen costs from 
two to three tinu's as much as either ])lif>sphorus or potas¬ 
sium. It is ])ossib](‘ that ^mj)ro\'ed jn'oeesses in nitrogen 
fixation will reduce* tiu* cost of this element, in which case 
there is n'asoji to belie've* that it can b(‘ usexl somewhat 
more liberally to advantage*. 


NITROGEN ECONOMY IN GENERAL FARMING 

In the liveste)e*k syste*m of farming, in which the cre)ps 
produce'el em the farm are leel anel the manure* is returneHl 
witheait loss te) the lie*lel, the*re may be little* ne*e*el fe)r e*e)m- 
ineTcial nitre)gem. In the* grain syste*m of farming it is 
usually re*e*e)nime*neleHl that the l(*gume e*rops as we*ll as the 
stalks, straw anel e)lhej* e*]‘op re*sidue*s be ])lo^^■eel unele‘r. 
Yed, it is rathe'r generally true that se)ils. wliie*h have been 
farmeel fe)r a peTie)el of twenty-live ye*ars e)r me)re uneleT 
eitheT system as ea-elinarily prae*tie*(*el, are* ele*licie'nt in nitre)- 
geii, and its a]jplicatie)n in available fewms e*.an be e*xpeH*ted 
to proelue'c e'euisielerable* ine*re‘ases in yie*lel. The use e)f 
commercial nitre)gcn e)n general farms unde*r i)reseiit con- 
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(litions must be eoiisiderod largely in the nature of an emer- 
geney mc^asure bj" which the productiA C' (lapacity of the soil 
may be more rapidly incnrased, after which the livestock 
syst(‘m of farming may be })ut into effect, and the further 
use of commercial nitrogen may no longer be profflable. 
On the otluT hand there is no legitimate argument against 
the su]^pl(‘mental use of commercial nitrogen in general 
farming if by so doing larger yields can be produced at an 
increased acre profit. 


NITROGEN ECONOMY IN INTENSIVE CROPPING SYSTEMS 

As long as manure was abundant and cheap the si)e- 
cialized croj) farmer made use of it in large amounts, not only 
as a source of nitrogen, but also for th(‘ reason that, when 
a})})lied in liberal c^uantities it servc'd to imjn'ove the physi¬ 
cal lU’operties of the soil. With the* ad\’(‘nt of the auto¬ 
mobile and an ever-enlarging acrc'age of marked garden 
and canning crops, it has be'en found n(‘(*essary to supple¬ 
ment such manure, as is available, with more' greini-manures 
and cennme're'ial fertilizer. In some* e*a,st's the' gre'eji-maniire- 
fertilize'r sysle*m of se)il manage'ine'nt has Ix'e'n e'ntire'ly sub- 
stituteel for the ])hos])hate‘d manure' jnogram. The e*ost 
of fe'rtilize'r be'ing only a re'lative’ly small })art e)f thei total 
aere e‘e)st of growing spe'e-ialize'd cro])s, nitrogen and e)ther 
ele'ine'nts may be' su])plie'el in mue‘h largvr amemnts than 
the'y are reine>veel in the e*re)ps. J']arliness and (juality com¬ 
mand a premium on the market siifficie*nt t.e) justify the 
expe'iise. In sue'h e-ase's the* ('xce'ss nitrates may be lost in 
considerable amemnts in the elrainage wate'r, ])articularly 
in the^ orelinary sanely loam soils on which timck cre)ps arc 
most freejue'ntly grown. 


SOURCES OF COMMERCIAL NITROGEN 

Fertilizer nitre)g(‘n is de'rived fre)m a A’arie't.y of semrccs. 
Some of these are the e*hie'f ])re)elucts e)f senne* manufac¬ 
turing or mining jroce^ss. Otlu'rs are by-proelue'ts of some 
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industry. Acfordinjj; to Waggaiinaii tlio amounts and sources 
of nitrogen i)rodu(*ed in North American industries in 1918 
were as follows: 

'J'AHLE LXXI 

(’OMHINM) XlTKfMil'A’ UliODVi'J-.M IN AmKUICAN TM)rsTItIi:s (IIUS) 


Naiiic of liulusln 
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i 'J'ons 
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1 I’er Cent 
! Nitrofiion 
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Pi.M'd nitrn^cM 
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Ammonium sulphate 

IS,)).'. 1 

2t) 

Miiiiicipai };as woiks 

Ammonium sul|ihale 

; -JS.l.aO 

20 

Tohiicn) iii(lii.>.lrv 

d'obaeeo stems 

;:7.2(M) 

d .') 1 

Peal jmhistrv 

()rf!:anje nit roi»eii 

7t»..'.7;; 

2 :{ 

\\ *K)1 induct r\ 

()r}rame lutiomMi 

l.OUJ 
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It is also known lliat considcTahle amounts of garbage 
tankage, leather scraf)s and a gnvit vari(‘tv of organic 
waste products containing nitrogen, and not included in the 
above list, find their way into tlu' f(‘rtilizer factory. Of 
those nuaitioned only a, part of the tonnages wen' used for 
f(‘rtiliz(‘r ])urposes. This is es]Kvially triu' of such i)roducts 
as high-grade tankage* and cottonsc'c'd iiu^al which com¬ 


mand a higher jn’ice as fee'ding stuffs than as fertilizers. 


During the ye'ar 191S tlie Dnited States also imported 


1,81)9,850 tons of nitrate of soda from 


t diilc. Smaller 


amounts of sulphate* of ammonia, nitrate of lime, guano anel 
e)the'r erarrk'rs of nitroge'ii were* impoi’te'el from other ce)un- 
trics. It is diflicult to e^stimatc* the total amount of nitrogen 
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used in fertilizers. However, the .-ihovc^ table gives some 
idea of the variety of materials whieh ean be used for this 
purjiose and the relati\'e amounts available. 


SYNTHETIC NITROGEN 

« 

The greater ])art of the* nitrogen in fertilizers must come, 
in the future, from (^hilean nitrate, eoke oven sulphate 
of ammonia or from such materials as are synthesized from 
atmospheric nitrogen. The four eomj);nmds so far produced 
in the fi.\ation processes are evanamid, sulj)hate of ammo¬ 
nia, ammonium nitrate and nitrate of lime. Som(; idea 
of the possibilities ol (ie\('lopment of the nitrogen-fixation 
industr 3 ’ nia\’' be gained from tin* study of the following 
table from the American Fertilizer Hand])ook, showing 
the estimated World's ca])acity of air Jiitrogen for 1920: 


TVIU.K lAXli 

Kstimatki) WoKi I) Cai'Acitv ok Aik Xitkock.n Tiam’s (1920) 
I (’ouiilry j Tdiih N’jlrofrcn * I 




Kiviiick 

11,(«H) 

ll;i1y 


S('iiinlni:ivi;i 

.^)S.()(K) 

Aiislriii 

22, ()()() 

.S\vi(/(‘rl;imi 



12,()(K) 

(':uiu<l;i . 

12,(«H) 

T'liilcd St.'itKS . 

40,(KM) 

1 

ToUil 

' r,9s,.'')()() 


* Mctrii- tiitis 


RELATIVE VALUES OF VARIOUS CARRIERS OF NITROGEN . 

The availability of the nitrogen in fertilizt'rs other than 
nitrates is largc'lv ch'k'rmined In' the rate at which the nitri¬ 
fying organisms art; abk' to change it to the nitrate form. 




RELATIVE VALUES OF VARIOUS CARHTEHS OF NITROGEN KK? 


The nomia,! bacterial action on i)rotoins nrsiilts in the 
formation of ammonia, nitrites and nitrate's. As i)re- 
viously mentioned, it has bee'ii shown that while forms of 
nitrogen other than nitrates an^ apparently used by some 
crops, ordinarily the nitrates are the most etTective. 

A considerable' number of com])arativc' trials of the 
various carriers of nitrogen have Ix'en made by soil investi¬ 
gators. Of these' may be me'ntie)ne'el the)se ceaielucte'el at 
the Ohio .\grie*ultural Expe'Hnie'nt Station uridea- the dire'c- 
tiem e>f Thorne as be'iiig sonu'what tyineal. Jn tlmse tests 
the variems mate’rials have been compare'el whe'n usexl in 
aeldition to lime'stone', ae*iel })l!os])hate anel muriate e)f ])otash. 
The nitrogen carrie'rs we're a])pli<'el in such aniemnts as to 
provide cejual ejuantitie's e)f nitre)ge'n. The e*roi)s gTe)wn in 
rotatiem were' coj'ii, oats, wheat., e*lo\'e'r a,nel time)thy, the 
fertilizer being eliviele'el among the first thre'o crops men- 
tiemed. The elata cove'r the perie)el freuu 1000 to 1018. 


'J'AIIJ.E LN.XIIJ 

e'()MI>AH\TI\K I']l'’l'K<’TI\ KM’JS.s «iF \’\HIoIS ('VKItlKlf^ OF \ ITJ(( 

8011- LiAiEt) A.vi> 'I’jti.; wiTJi e’,\i{ifii:j£.s or Piiom'iioki’.s .vm) ]X>tassu’M 


Incrt'MSF Nitiom'n e'arr’nTS on li:isis of Nil rate of Soiln af 100 
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:u 
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1 '10 1 
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10 
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1 so 

00 
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The nitrate' of soela was most etTe'ctive anel the organic 
carriers k'ast effe'ctive as vould lie* e'xjie'cted from jirewiems 
cemsieleratiems of the* l)ae‘t(‘i'ial j)roe*(‘sse's which must take 
plae^e befere the latter forms of nitrogen e*a.n be use*el by 
crops. Experime'nls e-onducte'd by e)the'r inve'stigateirs have 
inelicated that perhaps thei rclati\’e' effex'tive'iiess eif these 
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materials may he r(‘preseiit('d aj)y)r()ximately by 100, 90 
and SO for nitrate of soda, sul})hatt* of ammonia and dri(‘d 
blood, res])eeti\'('ly. witli sonu'what lower figures for the 
other less readily deeoniiios;d>le org.'inie materials. 

More reeently eomparativc' trials have ))een begun with 
nitrate of lime and ealeiiim eyanainid. The forin(T should 
be as useful a eajrier of nitrogen as nitrate of soda except 
that this will depcaul somewhat upoji the relative values 
of the sodium and ealeium ions when ap])li(‘d to the soil. 
In th(‘ ease of eyanainid there is rea,son to believe that its 
nitrogen has an availability sonu'wliat similar to that in 
sul])hate of ammonia, although in this ease again there is 
a eomjilieation in tlie faet that eyanainid not only eontains 
ealeium in eombination with the nitrogen, Imt, in addition, 
from 25 to ItO per eiait of hydrated lime, C\vanamid is 
toxie to iilants unless aj)])li(d several days before the erop 
is planted. 


PROCESSED ORGANIC NITROGEN 

A eonsiderable mimb(a’ of the organic ^‘arriers of nitrogen 
do not yield readily to tlie ])i'o(*(‘sses of decomposition in the 
soil. It is for tiiis reason that many stall's require by law 
that the m.aniifaeturer have jirinti'd on the fertilizer bag, 
or on the tag attached th(*reto, the sourei' or sources of the 
nitrogen contained in the fertiliziT. .\mong the more 
slowly availabh* materials may be miMitioned garbage 
tankage, hair, leather and wool waste and peat. In the 
modern fertilizi'i- ])laiit such organic materials are subjected 
to what is known as th(‘ “wet mixing jirocess ” in which 
sulphuric acid is addl'd to the mixture of ])hos})hate rock 
and organic materials and both the nitrogen and jdiosphorus 
are made soluble in the ])roi‘ess. 

Hartwell and IViiiber studied the efl'ectiveness of the 
nitrogen of a few of tlie organic amnioniaies before and 
after acidulation, in comjiarison with that of dried blood. 
The crops grown were Japanese millet, oats and buckwheat. 
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Fit;. 2:^.- “TJu* cost of fcrfilizi'i- Imsm?; tmly a rolalivt'Iy small jKirt of tlic 
total acre cost of jjjrowinu spcciali/.i'd crojis, ]iiiro<i:(>ii atid other ch'inciits 
may he siiiipla'd m much larf^cr ainoimts than they ar(> removed m tliese 
crojjs ” 


TIk' following tiiblc shows tlip rcljilivi' incn'iisos in yinld 
rosulting from the use of these iiuitiTuils in eoniparisoji 
with dried hlood, the nitrogen of which was assumi'd to 
liave an availability of SO as eoni])ared to 100 for that in 
the form of Jiitrate of soda: 


TAHLF LXXJV 
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nitrocp:n fertilizer's 


The data indicate that j)roccsscd nitrogen has an avail¬ 
ability a])pr()ximat(ily equal to that of dried blood. No 
explanation is given of the low figure shown for acidulated 
garbage tankage. 

f 

AVAILABILITY TESTS FOR FERTILIZER NITROGEN 

It is to be expected that low-analysis mixed fertilizers 
wdll carry a considerable part or all of their nitrogen in these 
insoluble and slowly a^'ailable forms. It is necessary, 
•therefore, to have *somc laboratory means of determining 
the quality of the organic nitrogen in fertilizers. Biologi(\‘il 
methods, in which the amount of ammonia or nitrates pro¬ 
duced undc'r standard conditions are detemnined, have 
been suggested. Such methods unfortunately are not well 
suited to ordinary laboratory routine. The method adopted 
as official by the Association of Official Agricultural Ohem- 
ists is one known as the “ permanganate method ” in 
which the water insolubh* n'lsidiK' of a sani|)lc of the fer¬ 
tilizer is digested in neutral or alkaline permanganate solu¬ 
tion under certain standard conditions, after which the 
amount of nitrogen remaining in the' undissoh'od residue 
is determiiK'd. Th(' choice betwecai the neutral and the 
alkaline solution (lei)ends on tlje nature of the organic 
material. The method is an empirical one and in many 
ways not satisfactory, but int(;lligenUy applied it can be 
depend(*d on to give a fairly reliable clu(? to the usefulness 
of the nitrogen in the fertiliz(‘r. Froin this test the control 
ch(miist can determine whether or not the nitrogen should 
be “ passed.” 

MIXTURES OF NITROGEN CARRIERS IN FERTILIZERS 

Since nitrate of soda is immediately available for crop 
use, once it is ai)plied to the soil, and since if it is not used 
by the crop it may be carried off by the drainage water, 
particularly in sandy soils, it has been commonly held that 



MIXTURES OF NITROGEN CARRIERS IN FERTILIZERS 197 


a mixture of carri(!rs of nitrogen is to be preferred to any 
one of them when used alone. By the use of su(di mixtures 
it is assumed that it is possible to have the nitrogen become 
available at a rate which will satisfy the needs of the grow¬ 
ing crop throughout the season. 

The eixperimental data on this subject are not entirely 
satisfactory, l)ut indicate that there is little basis for such a 
belief, particularly when the amount of nitrogen applied is 
no gre^ater than is customarily added in ordinary field 
practice. Thus at the North Carolina Agricultural Exi)eri-. 
rnent Station in an (‘ight-y(?ar t(;st on corn, mixtures of 
nitrate of soda and drh'd Idood were compared on Cecil 
sandy clay loam soil with each of these materials when 
applied alone with the following results; 

'l AHLE LXXV 

C\)MPAI{ISON OF MiXTT’KKS WITH 1 Cakiiikus of Nxttiouen. 
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The nitrogen of nitrate of soda was more effective than 
that of dried blood. Nothing seemed to be gained by 
mixing the two. When larger amounts of nitrogen are used 
it is possible that, mixtures containing nitrogen from several 
sources will be more effective than nitrat(‘ of soda alone. 
Thus Blair reports a five-year average acre yield of potatoes 
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of 251 bushels wlieii KiOO jxmuds of a 4-<S-3 fertilizer con- 
taiuing all of its iiitrog(‘ii as nitrate was applied, as com- 
par(id to 253 l)iishels with a iiiixtiir(‘ of nitrate of .soda and 
sulphate of ainnionia, and 257 bushels when fish or tankage 
was substituted for the latt(T. Tli(‘ soil in this test was a 
heavy loam. On sandy soils the differences might be more 
marked. 'ih(' evid('nc(‘ indicates that sulphate of ammonia 
and organic canhas of jiitrogen, wlnm used, should be mixed 
with nitrate of soda rather than useil alone. 


SOME INDIRECT EFFECTS OF NITROGEN CARRIERS 

Mention has been made of the fact that calcium and 
sodiinn nitrates, while car'ying th(‘ir nitrogen as nitrates, 
may not produce the same n'sults by reason of the fact 
that th(‘ calchmi and sodium ions are known to have bene¬ 
ficial effects as siah. Similai’ly cyanamid and suljdiate 
of ammonia contain elemciits other than nitrogen which 
may influence ilu' growth of croi)s. There is a further 
complication in that substanc('s like nitrate of soda are 
physiologically alkaline while siilpluite of ammonia is acid. 
Some notable exanii)les of injury from the long-continued 
use of sul].)hale of ammonia on unlimed soils have been 
rec'orded, notably at the ^A'oburn Ex]:K'rimental Tarm in 
England, at th(‘ Pennsyhnnia Agricultural Experiment 
Station and at th(‘ Ilhode Island Agi’icultui’al Experiment 
Station. On the other hand, suljdiate of ammonia carries 
the eleiiK'nt sul]}hur which is of (‘special importance as a 
f(Ttiliz(T on certain crops high in this elem(‘nl and on soils 
deficient in it. Tin* ])ro])lem is somewhat complicated and 
the efte(div('n(‘ss of any canh'r will d(*p(‘iid upon a variety 
of factors of which the lu'ed of the crop for nitrogen as 
nitrate is only oik?. 
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PHOSPHORUS FERTILIZERS 


Thk content of phosi)horus in soils is relatively low in 
comparison with nitrogen, potassium and the other soil 
elements essential to plant growth. The average soil of 
the Middle' West will contain about thn^e times as much 
nitrogen and about thirty times as much potassium as it 
does of phosphorus. The're is no atmospherics supply of 
phosphorus on which plants can draw, as is possible in the 
case of nitrogen. The element can be returned to the soil 
in the form of manure, but some' supplemiental source of 
I)hosphorus is essential to replace that removed from the 
soil in crops or in the bone and other products of animals 
to which the crops are fed. Fortunately, there is little 
loss of this element in the drainage water, since soils hav(i a 
somewliat remarkable' absorbing capacity for phos})hate^s. 
As a rule, however, afte'i* the soil has been under cultiva¬ 
tion for a pe'riod of t\ve'nty-^i^'c ye'ars or more, the' crops 
grown on it will respond ve'ry markedly to applications of 
phosphatie^ fertilize'rs. This statemient is so nearly uni¬ 
versally true that de'pe)Hits e)f phosphates roe*k are lookeel upon 
as erne of the most important natural resemree's of any natiem. 
The ne^cessity fe)r the e*onse'rvation e)f phosphate depe)sits 
is well preaenteei by Van Hisc. 


SOURCES OF PHOSPHATE FERTILIZERS 

By far the most impe)rtant soure*e e)f phosphorus is that 
e)f phe)sphate re)e^k which is found in large elepe)sits in vari- 
ems parts of the we)rld. The Uniteel States e)f America has 
the most extensive of these rock deposits now known to exist. 
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Phosphate rock is found in large amounts in Florida, Ten¬ 
nessee, the Carolinas and in Utah, Wyoming, Idalio and 
Montana. While the rock can be used as such when finely 
pulverized, it has found its largest use in the form of acid 
phosphate, a product resulting from the action of sul¬ 
phuric acid on the phosj)hate rock. 

Phosphates are also produ(H*d as by-products in the 
packing and steel industries in the form of bone meal and 



Fu;. 24.-■“ I)pi>()sit.'' cjf i)li()sphii<(‘ rock arc looked iij)on as one of the im)st 
ini])ortan1 natural resources oi aiiy natjon.” 


basic slag. res])ectively. A considerable ])ortion of the ])hos- 
phorus removed from the soil is thus returned to it, but as 
the population increases a larger ije]*c(‘ntag(' ot the total 
])hosphonis content of plants is tied up in the bones of 
human beings of ^^hich little is r('cover(‘d to the cropped 
soil. The mineral i)hosphat(\s and bone cfnitain their 
phosphorus in the form of tri-(;alcium phos])hat(\ Basic 
slag is found to have an excess of cahaum oxidt? and some 
silica in the phosphate molecule, the exact fonnula of the 
compound being unknown. In addition basic; slag, being a 
product of the blast furnace, contains some free calcium 
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oxide and is found to have a value for neutralizing soil 
acids of approximately half that of an equal weight of lime¬ 
stone. Bone meal and basic slag are ordinarily ground to a 
fine powder in preparation for use on the soil. Frequently, 
th(* fat is first remo\’ed from the bone by steaming or extract¬ 
ing with some solvent. 

THE PHOSPHATE ROCK INDUSTRY 

Some idea of the size of the idiosphate rock industry in 
the United States may be gained from the following data, 
which give the (plant ities marketed and exported for the 
period 1913 to 1918 as reported in the American Fertilizer 
Hand Book for 1920: 


TAIiTJ-: LXXVl 

Phosphate Rook Phodt ction in the TTniteh States 
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The exportation of jdiosphate rock was very much cur¬ 
tailed during the World \\ iu\ but tiu^n' was an increas(*d 
(lom(»stic demand for it in the form of acid phosphate, so 
that the total 3 ’(iarly producrtion had almost returned to the 
pre-war le\'el when the armistice was signed. Most of this 
phosphate rock is secured from the Southern States, the 
AV('stcrn dejiosits being too far removed from the market 
to be profitably worked. More recentlj^ a Montana mining 
companj", which has sulphuric acid as a by-product, has 
begun the manufacture of acid phosphate containing approx- 
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imately 45 per eent of phosphoric anhydride, a product 
almost three times as concentrated in phosphorus as the 
ordinary acid phosphate. By reducing the weight per unit 
of phosphorus, it has been possible to marked, some of this 
material in the Central West in competition with acid 
phosphate from Tennessee and Florida. 

THE MANUFACTURE OF ACID PHOSPHATE 

In the manufacture of acid phosphate, the ground phos¬ 
phate rock is treated with api)roximately an equal weight 
of sulphuric acid. The resulting })r()du(;t, after curing and 
subsequent pulverization, constitutes the ordinaiy 14 to 20 
per cent acid phosjdiate of the fertilizcT trade, the percent¬ 
age depending upon the purity of the original rock. The 
action of the sul])huri(* acid n^sults in the formation of cal¬ 
cium sulphate, with the cons('qui‘nt loss of the (calcium from 
the phosphate moh‘cule. TIk^ resulting j)roduct, commonly 
known as acid phosphate, is a mixture of (talciuin sulphate 
and the tiiono-, di- and tri-calcium phosphates. A 10 per 
cent atad idiosphate is one in wliich the phosphoric anhy¬ 
dride ill the mono- and di-calcium phosjihate forms amounts 
to 1() per cent by weight of the product. The mono-calcium 
phosphate is solubk* in water, the di-(^alcium phosphate will 
dissolve in wx^ak acids, while the tri-calcium phosphate, 
which escaped the action of the sulphuih^ acid, must be 
treated with strong acids in order to effect its rapid solution. 

THE PRODUCTION OF CONCENTRATED ACID PHOSPHATES 

As a means of economizing in freight and also for the 
more economic^al utilization of low-gimh' phosphate rock, 
it has been found desirable to produci' what are known as 
“ treblc-superphosphat(\s ” containing higher perc(aitag(‘s of 
phosphorus. Mention has biH'ii made of the 45 per cent 
acid phosphate jiroduced in Montana. This product is 
made by treating phos])hat(‘ rock with an excess of sulphuric 
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acid after which tlie resulting i)hosphoric acid is used to 
treat an additional (luantity of j)hosphatc rock. As a 
n^sult of this process th(‘ calcium sulphate, \vhi(!h ordinarily 
dilut('!s the ncid phos])hate about 50 p(‘r cent, is eliminated 
and a, highly concentrated ])roduct j)roduced. 

\^'ith the lower gi’ade i)hos])hate rock it may be prefer¬ 
able to drive off th(‘ ])hos])horic anhydride by h(‘at and 
collect it in water, after whicli tlie resulting phosphoric acid 
can be us(‘(l to jwoduce concentI’a,ted acid phospliate from 
high-grade jdiosjdiate rock. (\)nsiderable nthnition is being 
giv(‘n to this ])rocess by the United States Department of 
Agricultiin'. 

The higher ])erc(‘ntage acid ydiosphates are often built 
up from the ordinary lb or IS ])er cent to 20, or more, by 
mixing with tluan a giv('n amount of a, more concentrated 
product. Tlie demand is largely for th(‘ It) per cent acid 
phos]ihate, but undoubtedly the amount of the higher per¬ 
centage's used will increase wIkmi th(‘ su})p]y of “ treble 


superphos})hate ’’ i)ermits of a<lvertising tlie advantages 


of tlie more concentrated jiroducls. 


AVAILABILITY TESTS FOR PHOSPHORUS 

Since only the mono- and di-calcium ])hosphates are 
products r(‘sulting from th(‘ action o( sulphuiic acid on the 
phos])hate nick, it is necessary to have- some means of deter¬ 
mining what ])art of the total ])hosj)horus still remains 
in tlie unchangc'd tri-calcium form. The method of deter¬ 
mining th(‘ amount of ])liosphorus in the mono- and di¬ 
calcium forms, which is ordinarily s])oken of as " available,” 
has b(‘('n adoj)t(‘d as otheial by the Association ol Oflicial 
Agricultural Chemists. This metliod calls for digesting 
the wash(‘d samj)le of acid ])hos])ha.t(‘ with a iK'utral solu¬ 
tion of ammonium citrate for a period of thirty minutes 
at. a temperature of (io"’ C. The phosphate remaining 
undissolved after this tn'atment is termed “ insoluble ” or 
“ unavailable.” The method is an arbitrary one, but lias 
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borome generally adopted and is found to nuiet the require¬ 
ments of an availability test fairly satisfaetorily. 


COIkIPARATIVE values of acid phosphate and phosphate 

, ROCK 

Although acid ])hosi)hat.e has become popular as a car¬ 
rier of phosphorus then' has been and still continues to be a 
(ronsiderabh' amount of discussion as to the relative value 
of finely pulverized phosphate rock and avid ])hosphate. 
The most prominent advocate of the use of phosphate rock 
was the late (\yril (1. Ho])kins, whose arguuK'nts in favor of 
its use were given wide j)uldicity. \ conqm'hensivc' review 
of the ex})eriniental evid('nce on phos])hate i-ock in Illinois 
and at the several other agricultural expc'rhnontal stations 
in America and Kuroi)e is given by Waggaman and Wag¬ 
ner. In general it may be said that these data indicate 
that the untreated rock is quite* ellective' under certain con¬ 
ditions and that the* choice between it and acid ])hos])hate 
is largely de'te'rmined by the system of crop])ing and of soil 
management which the individual faniK'r may ado])t. 
For the most jiart acid jdiosi)hate is used in intensive sys¬ 
tems of farming, while jdiosphate rock finds a prominent 
jdace in the* more extensive systems of farming [wacticed in 
the Corn Ihdt. 

Probably the* most important an<l significant coinjiara- 
tiv(', t('st of the two is that which has been under way at the 
Ohio Ex])eriment Station at W(tost(T for tin* last twenty- 
one y('ars. In this test acid jdiosphate and phosphate rock 
were ai)])lied with manun* on the clover sod, which was 
])low('d for corn in rotation with wheat and clover. The 
manure was used at the rate of S tons ])er acre, -10 jiounds 
of acid phos])hate or phosidi.ate rock Ix'irig scattered over 
each ton before it was hauled to the field. In reviewing 
the following conqiarative data it is well to have in mind 
that acid ])hosi)hate contains, in addition t<‘ the sev('ral 
calcium j)hosj)hat('s, about 50 per c(‘nt h\ weight of calcium 
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sulphate which has lung been known to be of considerable 
value in stimulating crop growth, f’urther, under the 
conditions of the test, twic(^ as much phosphorus was sup¬ 
plied in the phospliate rock as was contained in the acid 
phosphate and at. a cost of something over one-half of that 
of the latter. 


I'ARLE LXXVH 

CVjMrAUATiVK ok J’liosniATK Ho('K AM) Aril) Phosphate 

.120 P()Ui)(ls of Plii>sj)I»:i(j‘~ S Tons Maiiurf —lAinod Wooslor Silt Ijoiiin Soil 


Currier of Pliosphorus 


21-^ (‘Mr Averafie Acre lncjvas(*s in 
I \ lelds from Fsc of Maimre Alone or 
! 1'r(‘Mi(‘d MS IndicMled 


( 

1 

1 

1 

! 

1 

1 

WIiCMt, 

Hii 

1 

C'lovcr, 

C'wl 

Acid i)h()sj)h:ilc ■ 

0 

ir, .1 

21 4 

I*h()S[)hMtc* rock 

27 a 

1 ; 

! ]2 7 

17 2 

Gypsum—No ])liosphMlc 

2.') {) 

10 S 

10 4 

Munurc jdonc 

21 2 

0 s 

11 0 

rmminurcd viclds 

.ir, 7 

i 12 7 

2S 1 


Tt will be noted that Uk- gypsum iiicii'ased the elTective- 
ness of the manure on the corn and wlieat. A number of 
other problems involved in(*rit consideration among which 
may be mentioned tin' fact, that tlie rate of accumulation 
of phosphorus in the soil is greater from the use of phos¬ 
phate rock than from acid jihosphate, although to date, 
there is no evidence that this residue is of any added value. 

PHOSPHATE ROCK—SULPHUR-SOIL COMPOSTS 

A study of the activities of sulphur oxidizing organisms 
in soils led Liimian to suggest the use of elemental sulphur 
in conne(;tion with phosj)hate rock. Preliminary studies 
had shown that sulphur was readily oxidized in soils and it 
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scorned reasonable to believe that if a sulphnr-soil-phosphate 
rock compost was prepared the acidulating action of the 
sulphuric; acid could be con(;entrated largely on the phos¬ 
phate rock. Further cxtendcHl iii\x‘stigation by Lipman 
and his associates vshowexi tliat the rate of oxidation of sul- 
jdiur can be (;onsidera])l 3 " increased by inoculating it with 
active strains of sulphofying organisms. 

The Lipman pro(;ess of mixing rock idiosphate, inocu¬ 
lated suljdiur and soil in the* ratios of two of the first to one 
of each of the otliers has provc'n successful. The extent 
to which this method of sc'curing av^ailable phosphoric acid 
will be used in practice is prof)leinatical. A (;ritical review 
of the literature on this subject together with an extended 
bibliography' is given by McLean. 

CAPACITIES OF PLANTS TO UTILIZE PHOSPHATE ROCK 

Truog bc'lieves tliat. plants which liave a relatively high 
content of calcium also hav(; a relatively high (;a])acity to 
secure iihosjiliorus from jihosphate ro(;k. He explains this 
assumjjtion on the basis that if the calcium acid carbonate 
produced l.\y th(' action of carbonic acid on phosphate rock 
is removed by' the crop the n'action can proceed. Bauer 
tested this assumption further in a comparison between 
the growth increase resulting from the use of acid phos- 
j)hatc and jihosjihate rock. In this test the jihosphate 
rock was ap])li(‘d at a rate corn'sjionding to that ordinarily 
emj)loyed in Illinois field ]U’actice. 

The calcium content of t he to])s of the plants and their 
capacity to utilize' jdiosphate' rock are not always corre;- 
lated. Baue'r ex[)lains these diseTe'pancies ein the; basis of 
the diffe;re'ne*es in the' e'harae*ter eif the;ir reiot systems. Plants 
having an e'xte'iisive deve'lopment of lilirenis reieits arc able 
to seeaire a large'r amount of pheisphorus freim phosphate 
rock by'^ reasein eif the'ir e*e)ming in contact with me)re; of it 
in the soil and by’^ taking up more; eif it as it passes into 
solution. Wliatevcr the explanation, the fact remains 
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1'ARLE LXX\TI1 


Relative rAi’AC’iTiEs ok Plants to Utilize Phosphate Rock 
liy ('omparisoii with Noriiuil (IrcAvUi Produml by tho Use of Acid Phosphule 


Plant 

C\aleiiiin in lojis, 
Per (5ont 

Pereentafie of 
Normal (Irowth 

Red clover . 

1 01 

3.‘J 

Wluiiil ... ... 


34 

Oats . . 

1 

41 

Corn 

0 r)7 

41 

Timothy 

0 .‘it) 

l.'i 

Soybeans i 

1 

47 

Rape . ... 

1 r)0 

rj4 

Alfalfa 

1 lo 

02 

Rye ... 


00 

Hiiekwheat 


72 

Ited top .j 

0 oa 

72 

Red sorrel 1 

0 to 

S2 

S\ve<‘t eloV(>r ... ! 

1 :{7 

S3 


that tho so\'oral plants vary in their n'lalivo capacities to 
us(^ j^hosphate rock in the (iiiantities in which it is ordinarily 
sujiplied. The choice between acid phosphate and jihos- 
])hate rock will therefore b(‘ determined in part by the crops 
to be grown. If, for (‘xain])le, sweet clover is to be used 
as a gTTH'ii manuring crop it would seiun probabh' that phos¬ 
phate' rock could Ix' used to advantage in preparation for 
the growth of the crop. 

PHOSPHATE ROCK ON ACID SOILS 

Assuming that Truog’s hyf)othesis is correct, it. would 
be ex])ect(Hl that ])hosphat.(' roe^k could b(' us('d to best 
advantage' on aciel seiils wliie-h yielde'el Uf) very little cal- 
e'iuni to the' soil seilutiein. Sue'h se'cms tei be' the e;ase. Sen’^- 
eral experiment stations, neitably Ineliana anel Ke'utucky, 
have' re'peertc'd elala whie-h inelicate that ]die)sphat.e rock is 
relatively more effective in ceunparison with acid jihosphate 
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on acid soils when no supplemental liming- treatments are 
given the soils. 

COMPARISON OF ACID PHOSPHATE, BASIC SLAG AND BONE MEAL 

While the greatcT part of the ph()si)horus used on the 
soil is in the form of acid phosphate, th(‘re is ()j)j)()rtunity 
for choice among this material, bone meal and basic slag, 














J \ ' k 1' , 



And pliosplittfo No forfilizc-r 

IiG. 2r). “As ;i nilo. aflpr Hio soil lins Im'cti iiikIcv cultiv;ilion for u ])(>rio(l 
of 2") ycMfs or more', llio crops ffrown on il will rc.‘]»o!i(l very niiirkcdly 
to .‘ij)|)lic;itions of |)hosj)lKit]c fertilizers." Ohio Exjx'rjinenl Slntion 
Farm at Strongsville. 

th(' thr('(* produ(!ts which carry thi^ (*l('m(*nt in IIh; most 
readily available forms. Th('s(* lhre(‘ nialerials vary in 
their effectiveness, de])ending u])()n the conditions of the 
test. Bon(‘ iiH'al contjiins a higher percentagr* of calcium 
than does acid ])hos])ha(e and will be relatively more 
effective on acid soils. On the other htmd, acid ])hos[)hate 
conttiins soluble ])hos]rhates which tend t,(t precipitate 
aluminium and thert'by to overconu' the to.xicity of this 
element. Basi(* slag has considerable cajracity to neutralize 
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acid soils and for that reason is often preferred on pastures 
or on alfalfa where liiiKi may not have been added. There 
is also an additional compli(;ation in that, a(!id phosphate 
contains considerable amounts of cahiium sulphate, ft is 
necessary in comparative trials to take these facts* into 
consideration. 

An interesting comparison of these three carriers of 
phosphorus is provided by the; te;sts em the Ohio Agrie;ul- 
tural Experime;nt Statiem farm at We)oster. In these tests, 
14 per ce;nt, acid phosphate is supplied at the rate e)f 820 
pounds per acre e;ach five-year perie)d anel the e)ther mate¬ 
rials are used in etjuivalent amounts. The rotation is corn, 
oats, wheat, cle)ver anel tiine)thy, the phe)sphate, together 
with supplemental nitrate e)f soela anel muriate of pe)tavsh, 
being applied te) the soil fer the first thre;e creeps in the rota¬ 
tion. The soil, Wooster silt le)am, is limed as reejuired. 

TABLl-; LXXIX 

COMPAKATIVE EKFEn’IVKNEWS OF \’AllIors ('AJiJtlEKS OF PllOSPHOUtlS 

Soil Limed and TjiEATCD ■with Xitkate and J’otash—P.MHP iyiS 

Increase from Phosphorus Carruirs C’alciilMpnl on linsis of Aciil J’liosphatc 

at 1(H) 


i 

1 

Carriers (»f Phosfthorns j f'orn 

Oats 

1 

1 

! Wheat 

1 

' (Mover 

1 

! 

j Timothy 

Acid ])lu)sphale j 100 

1(K) 

1(K) 

1(K) 

1(K) 

Bono im^al . r)3 

5-1 

t)7 

113 

115 

Basie slaff I 53 

1 

r>2 

1 

' 1 

7S 

1 

1 

S5 

05 


In general, the aciel phosiihate se*e‘ins to be the most 
efTective and basie; slag the ]e;ast e‘fiee*tive in increasing crop 
yields. Other e;omparative tests em a potato-wheat-clover 
rotation at Wooster showed somewhat mere favorable 
ratieis fer bone meal and basic slag, partie'ularly the latter. 
Undembtedly much woulel depemel upon the cemelitions of 
the test. All three of them have; been found to be good 
investments. 
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In -the above test these three carriers of phosphorus 
have been conipan^cl on the basis of equivalent amounts of 
what is considered to be “available” phosphorus. The 
test of availability as applied to acid phosphate has been 
given previously. With bone, the total content of phos¬ 
phorus is determined with no supidcmental solubility tests. 
With basic slag the test is one of solubility in 1 per cent 
citric acid solution. The (comparisons, then^fore, have been 
made somewhat arbitrarily, but are of value in giving a clue 
to the relative effectiveness of the phosphat('s under (con¬ 
ditions in which the la(;k of lime has not been a limiting 
factor. 


THE CALCIUM SULPHATE IN ACID PHOSPHATE 

In the early ana-lys(cs of plant, ash a considerable part of 
the sulphur was lost, by volatilization in tluc pnxeess of iiKcin- 
(cration. This fact not being known, tlie importance of 
tli(c ehement sulphur in soil and plant ('coiiomy was not 
api)reciated. R(c(ceiiil 3 ^ it has be(m shown that, tin* content 
of sulphur in plants and soils is quit(c similar to that of 
phosphorus and the ywoblem of e(conoiny of the two (ele¬ 
ments may lu^ assuimcd to be much the same. However, 
tluere are s('V(M’al points at wliich it differs. Sulphates are 
readily loa(clied from tlic soil. Sulphur is not n'quired in 
such large amounts as phosphorus in animal exconomy. 
Tliere is a, suljilmr cych' by way of the atmosphere which 
nmews tine supjily in th(c soil, at Ueast in industrial sections, 
as rapidly as it. is d(‘plet(cd l)y (crops. 

The b('nericial ('ffects of landplaster, particularly on 
sonunvhat unproductive soils and on the hegume crops, has 
hmg been known, lienjamin Franklin is said to have writ¬ 
ten “ "Jliis land has been plastered ” on a hillside near Phil¬ 
adelphia with landplaster and the words could be ncad by 
the passerby becaus(c of the ncrnarkable in(‘rcase in the 
growth of the grass. At one time land])laster was quite 
a popular fertiliz(cr, but later its use fell into disrepute w^hen 
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tho good effects of limestone and later of acid phosphate 
became known. Siiu^e the latter material contains land- 
plaster, it is difficult t,o dct(‘niiinc what part of its effective¬ 
ness is du(' to this irjaterial and what part to its content of 
available jihosphonis. In the manure test previously dted 
it. was shown that land])laster added to the manure, in¬ 
creased its effecti\(*ness. It is possible that a mixture of 
I)hos})hate rock and landplaster would havT given, under 
some conditions, results quite as good as acid phosphate. 

With th(* development of the “ treble sujierphosphate ” 
industry tliere is an additional reason for detennining the 
(‘xtent to which the calcium sul]>hate in the acid jihos- 
})lia,t.e functions in its ('ffectiveiu^ss. The cfuicentrated 
acid phosj)hat(‘s (ontain very litth' or no calcium sulphate. 
lhid(‘r comlitions in which the lack of suli)hur is a limiting 
factor in croj) grow th, it is jwobable that it will b(^ desiralde 
to continiH* to use acid phosf)hate (tarrying at h'ast a cer¬ 
tain percentage of calcium sulphate. It is possible that as 
these investigMtions continue it may be shown that gy])sum, 
of which large' (luantitic's a7‘e available, may be us(‘d in eam- 
iK'ction witli pli()s])hate rock, bone me'ial and basic slag to 
ad\^antage. 


FINENESS OF GRINDING PHOSPHATE FERTILIZERS 

With either ])hos})hate rock, bone meal or basic slag, 
fineness of grinding is essential to rapid availability. It is 
for this reason that control bulletins ofte'n show the fineness 
of bone m(‘al. Steame'd bone* is usually much more finely 
divideti, and therefore' more e'ffective', than the raw bone. 
Phos])hate rock is ordinarily pulve'rize'd to the' ])e)int where 
me)st e)f it will ])ass a sieve with 200 me*she.'s te) the inch. 
Sine*e j)he>s]diate' reie'k e*ontains its pheisjiheirus in a feirm quite 
similar to that of ajiatite, whie'h is the mine'ral cemtaining 
the pheispheirus in the seiil, ne> cemsielerable? ineToase in the 
amount eif available' plmsjihorus can be expee'teel in the 
seiil seilutiein from it s use, unless a large amemnt eif fresh sur- 
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face of* the phosphat.e rock is exposed to tlic solvent action 
of the soil water. 
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CHAPTER XXIII 


POTASSIUM FERTILIZERS 

Soils containing fairly high percentages of silt and clay 
are usually well supplied with potassium, the (juantity con¬ 
tained ill two million pounds of averagi' surface soil amount¬ 
ing to 35,000 pounds or more. In contrast with nitrogen 
and ])h()si)horus, the potassium content of subsoils is usually 
somewhat higher than that of th(‘ surface soil. Considered 
from the point of view of th(' entire dejith of soil through 
which the roots of crops penetrate', the amount of potassium 
is such that there is little danger of exhaustion of this ele¬ 
ment. On the other hand it has been shown that most soils 
which have been farmed hir a (juarter of a century or more 
will produce considerably larger yie'lds of most crojis if some 
soluble potassium salt., such as the chloride' or sulphate', is 
ap])lied to them. It woulel a])pe'ar that meist eif the peitas- 
sium ceintaine'd in the soil is present in a form which does not 
readily dissolve in the seiil water. 

AVAILABLE POTASSIUM IN SOILS 

Most of the peitassium in soils oe;curs in the form of sili¬ 
cates in variems stages eif hyelratiem and eleexmipeisitiem. 
An additional amemnt is preibably present in the feirm of 
adseirption cemipeiunds. Freshly pulverized orthoclase yields 
an alkaline solution em shaking with cai’beniated water elue 
to the formation of potassium carbemate. The rate of 
solution of potassium from soils containing only small 
amounts of organic matter is relatively slow. Evidently, 
as the process of hydrolysis continues, secondary mineral 
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products are formed which either hold their potassium firmly 
adsorbed or are covered with a protective coating of col¬ 
loidal material which serves to shield the undecomposed 
miiicral from further action of the soil solution. 


The available i)otassium in soils is probably largely 
that which is present in combined form in plant, remains 
from whi(!h it. readily dissoh’es or is liberated through the 
action of bacteria. The decay procc\sses undoubtedly also 
aid in the liberation of additional potassium through the 
production of strong mineral acids, such as nitric and sul¬ 
phuric, which may have opportunity to act on the pre¬ 
viously undecomposed potassium-bc'arhig minerals in the 
soil. Und(‘r good s,ystems of management in which the 
soil is kept well sui)i)lied with crop residues, such as manure 
or clov(‘r roots and stubble, large croj) yields can be pro¬ 
duced almost ind('finit('ly without the supplemental use of 
soluble potassium salts. In the livestock system of farming, 
in which the loss of potassium fi’oni th(i farm in the form of 
animals or tlu'ir products is practically nil, it should be pos¬ 
sible to keep such potassium, as has once been dissolved, in 


th(‘ form of “ circulating (capital.” The drainage losses of 


jiotassium .are not as large as the solubility of its compounds 


would lead one to belic've, since, as pr(*viously noted, the 


soil has a high adsorptive capacity for this elenamt. 


SOILS NATURALLY DEFICIENT IN POTASSIUM 

There are soils, houawer, in which even with good man¬ 
agement th(‘ lack of available potassium is likely to be a lim¬ 
iting factor in croj) growth unl(‘ss it is supr)lied in manure 
or in commercial form. The most outstanding examples of 
such soils are found in certain peats and mucks and in sandy 
soils containing a high percentage of quartz. On such soils 
the; response of crops to the us(i of soluble salts of potassium 
is often quite remarkable'. Examples of such cases are given 
by Conner and Abbott in (!e)nnection with a study of some 
unproductive black soils of Indiana. The following table 
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shows the effect of potassiuiri-bearing; fertilizers on the yields 
of onions on some of these soils: 

TAHLE LXXX 

JOFFlOfT (JF IVrASSIUM SALTS ON OmON ^'iEIAJS OX TiLACK SoiLS, 1 nD],\NA 


I Buslicls Iiu’r(*:isi* from 
Uiifcrtilizod l I'VrtihztT * 

Nu'lds, I__J_ 


(. oiiiity 

Bushels 

1 per Acre ' 

1 1 

' 1 

1 
1 

1 

No 

i’olash 

10 Per C< 
Potiisl 

BeiiUiii 

i ()(Hi 

To 

ii:i 

Kosciuslv-o 


41 

()(• 

Whitley 

.'i07 

20 

i.io 

.Insper 


12 

202 

Noble . 

1 :m 

47 

SO 

Aver:ij!:(‘ all lesis 

' 101 

40 

i:{0 


* lOOO ixnimls oi Icriili/er pi't 


— — 


A siniiliir t(\st. with potatoes on a sandy loam soil in 
Florida is reported by Floyd and l{ui)ert with the foll()^^'ing 
results: 


Effect of Potassh^m Salts on Potat^i Yields ox Sandy Soils, Klouida 
liuslu'ls JKM- Acr(‘ with ‘JOO'J IVninds IVtlilizcr 


V(“ar 

1 

' No Potash 

1 

5 Per CVnt Potash 

191S 

.'{4 

09 

1010 

! 70 

no 

1920 

100 

140 

A veraj(e 

70 

' 1 

in 


SOILS DEPLETED OF AVAILABLE POTASSIUM 

Even on soils (containing; large amounts of total potas¬ 
sium, (continued cropping without the return of Tiianure or 
adefjuate amounts of crop residues soon leads to a ncduction 
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in yields because of the lack of this element. An interesting 
example of such a case is found in thi‘ data of the Ohio Agri¬ 
cultural Experiment Station in (;onne(;ti()n with the growing 
of ptf)tatoes, wheat and tdover in rotation, on a silt loam soil 
containing over 30,000 pounds of the element potassium in 
the plow depth of surface soil. Tri llu^se tests which have 
extended over a period of twenty-five years, a comparison 
has been mad(^ Ix^tween two fertilizers, one of which con¬ 
tained only acid phosphate and nitrate of soda, and the 
other an additional (juantity of muriates of potash. These 
fertilizer materials were aT)plied at the rate of 320, 240 and 
200 pounds per acre, respectivel 3 ^ with the following results: 


TAlilJO LXXXJ 


Effect of Potassicm Saits on 


Vjm.i) of (Iuoi's on VVoosteu Siit Loam 
S< HL 


ciir Jtotiitioii—Soil l.iirK-d ;in(l Fcrlilized—1S04 to 191S 


Period 

Treatiiient 

Increase in \'ield per Acre 
from Ferfilizer.s 

Potntnos, 

lUi 

Wh(‘;i1, 

Bu 

Clover, 

Cwl 

ISt)1 njuf) 

No |>()l:issiiiin 

20 9 

7.1 

2 S 

1S<H 1905 

Wilti potiissiiiin 

17 0 

9 2 

2 1 

1900 1917 

No pol.Mssium 

12 2 

S ,5 

7 S 

I9(M>-]917 

With pfdassiuin 

41 7 

10.,5 

10 0 

1S91-190.5 

No frriilizor yield 

10.5 S 

2.5 .5 

.“1.5 .5 

1900-1917 

No lerlilizcT yi<-ld 

lO.'} S 

20 S 

:{i 9 


At the beginning of tlu^ test the soil was in a virgin 
stat(i having IxH'ii recently cleared from secf)nd growth 
forest. A sufficiejit amount of potassium was made avail¬ 
able, as a result of cultivation and through the processes of 
decay, to satisfy the reepiireiiKmts of the* crops grown, so 
that the limiting factor was something other than the lack 
of available potassium. Later a deficiency of this element 
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became apparent in the yields of potatoes with minor evi¬ 
dence in the wheat and clover. It should be mentioned 
that the disease factor interfered with the success of the 
potato crop during the later years of the test wdien it became 



2 tons silaKO 11 fi tons sllapf 

Corn on inii<-k land at EviuiMville, WiscouMn 


Fig. 2().— “Thm* arc soils in which, even with sootl TnanaKoment, tlie lack 
of available potassium is likely to be a limitiii;; factor in croj) growth 
unless it is su])()lie(l in manun* or m eomnn‘reial form. The most out¬ 
standing examples of such .soils an* to be found in certain peats and 
mucks and in sandy .soils containing a high fiereentage of (piartz.” 

necessary to substitute corn for potatoes every second time 
around the rotation. 

THE SOURCE OF POTASSIUM FERTILIZERS 

The potassium in fertilizers has its origin largely in 
natural salt dt'ixisits of which those in France and Clerniany 
are by far the most extensive known. Previous to the; 
Werlel War meist eif the; jiotash salts usee] in America e;ame 
fremi the Stjissfurt mines in (lermany. These' deposits are 
inaele up largely eif chleiride's find sulpliates of seidium, 
potassium, magne*.siuin aiiel calcium. Two crude salt mix¬ 
tures known as kainit and manure salts and containing 
12.5 and 25 per cent, resyieetively, of pota.ssium oxide, 
ordinarily termed peitash, are used in e;ojisidprfiblc amounts 
without being refined. Meist eif the potassium shipped 
to America, however, is in the form of the sulphate or 
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the muriate of potash containing 48.6 and 50 per cent of 
potash, respectively. 

'l''he total importations of potash salts had reached large 
proportions as indicated in the statistics given below for the 
year 4913, immediately preceding the War: 

I’AliLE LXXXH 

Impouts f)F Potash Salts into the United States in 1913 


Salts 

Per Ciont 
Potash 

Tons of 
•Salt. 

'I'ons 

Potash 

Kiiinit . 

12 1 

521,170 

04,020 

Manure salts. , 

20 0 

250,.529 

a), 100 

Muriate of potash ... 

fiO 0 

237,030 

118,815 

Sulphate of potash ... 

All others . 

4S () 

44.319 

3S,‘«)-1 

21,554 

15,019 

(Irand total, 1913 


1,092,5SS 

270,720 

Craiid total, 191S . . 

’ 

24,119 

7,9.57 


The importations of jiotash wilts were ^’ery small during 
the War and as a result a considerable advance was made in 
the recovery of potash as a by-product in manufacturing 
processes and from natural brines in the Unit(‘d States. 
Wagganian gives the data for this as indi(^ated below: 

'j'AJiiJ': J.XXX1V 


Quantities ok Potash Pkodt'ced in AMEitirAN iNDrs'iiiiEs, 191K 


Name of Industry 

Material Produced 

1 

Tons of 
M.'iterial 

[ Per(;entage 
Potash 

l^)tash from brines 

Crude potash salts 

89,371 


Potasli from alunile ... 

Sulphate of jiotash 

0,180 

42 0 

Iron blast furnaces . 

Flue dust. 

1,.500 

20 0 

Cement industry 

Flue dust. 

11,172 

12 0 

licet suffar industry. 

1 I'actory waste . ... 

3,0.50 

20 0 

'Pobacco industry 

1 3'ol)acco stems 

37.2(K1 

4-0 

Kell* industry . 

Muriate of potash 

11,029 

34 

Wool industry 

Wool washin(>;s 

931 

12-.50 

Hardwood industry. 

! Potassium carbonate 

1.0(i3 

01 


I 
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Until such time as the natural deposits of potash salts 
of Germany and LVamre are exhausted a large part of the 
potassium used for fcTtilizer and other purposes will prob¬ 
ably be from that. st>\irce unk'ss other natural deposits arc 
found. A number of ai)])lieati()iis for patents have* been 
filed with the United States J^atc'iit Oflice which have for 
their pur})ose the })r()teetion of procu'sses of extracting 
potassium from silicate rocks. The extent to which such 
l)rocess(‘s may be de\’elopcd in the near future is problem¬ 
atical. 

AVAILABILITY TESTS FOR POTASSIUM 

The availability test for potassium is solubility in water. 
The only other laboratory determinat ion concerning potas- 



Fio. 27.—“The poias.sium in foriilizors lias its origin larpcly in natural salt, 
ih'posit.s of wliicli lli().s(' in Fraiifc .-ind Cf'nnany an* liy far llir most. 
('Xl(M)sivo known.” DnlliiiK liolt's for carlridfri'S at ihi' ('i«l of a working 
Kallcry. (Courtesy, Soeiele Coniniereiali* Des Pol;is.ses D'Al.s:iee.) 


sium made by control chemi.sts is one for the pury)()se of 
decidhig whether it is presejtt in the fertilizer as the sul- 
phatt' f)r lh(^ chloride. For (certain i)urpos('s th(' suljdiato 
is belie\’ed to be preferable* to the muriate of potash. Since 
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the latter is somewhat cheaper and the quantity available 
is grcjater there is a tendency for the manufacturer to use it 
in his mixture, providing no objection is raised by the fer¬ 
tilizer user. Manure salts and kainit also contain large 
amoujits of chlorides. 

COMPARATIVE VALUES OF VARIOUS CARRIERS OF POTASSIUM 

Kainit and manure salts, by reason of their content of 
sodium and magnesium salts, probably influence' the growth 
of crops in a variety of ways. Ordinarily, the more (um- 
centrate^d salts an' use'd as a nu'ans of eeronomizing on 
freight. Of the comparisons which ha\’e been made of the 
several cairiers of j)otassiuin an examjdc' may be selectcMi 
from the tests of the Ohio Agricultural I']xi)criment Sta¬ 
tion, at (lermaiitown, with the tobacco crop. In these 
tests potassium was us('d as the' muriate, nitrate and sul- 
l)hate, in ('quivaleiit amounts, in connection with acid jdios- 
phate and nitrate of soda, on Alianii silt loam soil, for the 
tol)ac(U) crop grown in rotation with wheat and clover. 
Nitrate of potash is a by-produ(*t of the tobacco industry. 
The nitrate of soda, acid ])hosi)hate and muriate of potash 
wer(' a,j)f)lied to the soil. ])i'evious to planting the tobacco, 
at rates of 240, 4S0 a,nd ISO pounds ])er acre respectively. 
The data for the i)eriod lOOS 191S follow: 

'I'AliLE LXXXV 

U(JMJ’AJfATIVK EkFI'K TIVKM'.SS OF N'akioFS ('AllRIKIt.S OF PoTAS.SIl)M 

:{-Vkak Rotation—Miami Silt Lo\m Soil- KirrKK\-\ KAU Avmiacks 
I iA.SIt' TkKATMI'.NT of Af 'lD PmO,s 1'H VTK AM) XITHATK OF SoDA 
Inciviiso from PoliiSNiiim (';uTii‘is C’uIcuIuUmI dh jiiisis ol Miiriulo of Potash 

al 100 


Carrier of Potassium 


W lioal 

(’lovor 

Muriali' of yiotash 

1 1(H) 

1(H) 

100 

Nitrati' of pola.sh * 

7:i 

l.?J 

:u 

Suljihati' of pota.sh 

71 

14S 

! 1(V2 


* III this l-it.SC lilt- Illliuu- L>f AMl.S K'duiTlI Ul SO |l(>Ullll,s ])cr itrTl- 
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The yield of toba(;co was greater from the use of the 
chloride than from either the nitrate or sulphate, but its 
quality for smoking purposes was somewhat inferior. Sim¬ 
ilar objections have been raised against the use of mmiate of 
potash in coimection with the gro\^’ing of potatoes, although 
Wheeler states that tubers of excellent cooking quality 
have been grown for many years on the Rhode Island 
Agricultural Experimental Farm with muriate of potash 
as the sole source of the commercial potassium. 


SODIUM AS A SUBSTITUTE FOR POTASSIUM 

During the W^orld W^ar, interest was revived in the pos¬ 
sibilities of substituting sodium for potassium salts in fer¬ 
tilizers. This subject had long been a inatU'r of investi¬ 
gation and controversy. As early as 1894 a series of plots 
had been set aside for the study of this problem at the 
Rhode Island Agricultural Exi)criineut Station. The last 


TABLE liXXXVl 


T 


HK SenSTITUTJOX OK SoUIlIM KOll PoTASSITIM IN FkKTILIZKJIS 


Ratios of Oxides 

Relaliv(‘ Vit 

*1(1 of (.’rojis 

S(»da 

Potasli 

Radishes * 

Potatoes t 

1 

0 

R) 

17 

1 

1 

1 

4 

70 

01 

1 

1 

4 

SO 

01 

1 

•1 

1 

2 

fl:.{ 

SO 

1 

1 

'2 

{)r> 

SI 

3 

4 

3 

4 

101 

97 

1 

3 

4 

101 

SI 

0 

1 

100 

100 

1 

4 

1 

102 

101 

1 

1 

104 

KU) 

3 

4 

1 

10 (> 

93 

1 

1 

102 

95 


* l-yeur average. t 5-year average. 
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report on these investigations, covering the period from 
1905 to 1918, is given by Hartwell and Damon. In these 
tests the sodium and potassium were supplied both as car¬ 
bonates and as chlorides and in connection wdth tw'o dif¬ 
ferent amounts of lime. Phosphorus and nitrogen were 
supplied in such amounts as were assumed to make the 
lack of potassium the limiting facttir. In Table LXXXVI 
are givtui the relative yields of radishes and of potatoes as 
determin(^d by the extent to which sodium salts replaced 
the potassium salts in the fertilizer mixture. 

The authors conclude that sodium can be substituted in 
part for potassium in the plant. A further indirect benefit 
is secured i)robably due to the replacement by the former 
of the potassium in the soil compounds and also, perhaps, as a 
result of the similarity of the salts of these two elements as 
related to their effect on the soil solution. 

MAKING SOIL POTASSIUM AVAILABLE 

Because of the large amount of potassium in the average 
soil and subsoil, considcTable attention has been given to 
the means by which this (ran be made available. In addi¬ 
tion to sodium, such elements as magnesium and calcium 
may be assumed to have the capa(rity to rc^place potassium 
in the adsorption or mineral compounds in which it exists 
in the soil. The use of lime, particularly in the oxide and 
hydrate fomis, has been suggested for this purpose, but the 
data on the subject are conflierting. A r^sunu' of the results 
of such investigations is given by Briggs and Breazeale. 
Hopkins and Aumer found that even after all of the potas¬ 
sium, which was soluble in strong hydrochloric acid, had 
been extracted from a soil, additional amounts gradually 
Ixxrame available, by growing crops of clov(*r and turning 
them under. Green manuring crops and weeds, particu¬ 
larly those having larger fibrous root systems, may func¬ 
tion in i)art as agents for extracting potassium from the 
soil for the use of subsequent (!rops. In connection with 
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his investigation of the feeding power of plants for phos¬ 
phate rock, Bauer also studic^d their capacity to utilize the 
potassium of feldspar. He found that as compared with the 
noniial at 100 when supplied with soluble potassium salts, 
buckwheat, corn, sweet cIovct and oats i)roduced h per¬ 
centage growth of 23, 45, 10() and 107, respectively, when 
the source of potassium was fcddspar. 

On livestock farms most of the potassium removed in 
crops can be returned to the soil in the manure and in a 
form whi(^h is soluble in watcT. ff such a (Top as sweet 
clover is grown in the rotation, it is i)ossiblc that a consid¬ 
erable supi)ly of potassium may be made available for the 
use of other crops. All of thi'se methods of making soil 
potassium availabli? must be w('igh('d as to cost against the 
more simjde jwocess of apjdying soluble j)otassium salts in 
forms and amounts to suit the necnls of the crops to be 
grown. In intensive systems of farming and with crops 
having a high ])otassium retpun'mc'nt and a high acre value, 
there is little (piestion but that the latter method is essential 
and profitable as a supphmuait to any otlier means which 
may be emphjyed for extracting this element in larger 
amounts from the soil. 
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MIXED FERTILIZERS 

Thk (^iirriors of riitrogon, phosphorus and potassium can 
he piu’cliased and a])])li('(l separately or they can be secured 
in the l(jrni ol mixed fej’lilizers and the entire application 
made at one time. Tn g(‘Mend, tlu' American farmer prefers 
to apply his (eiiilizers nil in one ojuTation. JOven if he 
buys the ingredients separal(‘ly tlx'V are usually mixed 
before being ap])li(‘d to Ihe soil. ^\diile a certain amount 
of home-mixing is done, the major j)orti()n of this work has 
been taken ov(‘r by the fertilizer manufacturers, who should 
be al)l(‘, to do it more economically and in many ways 
better than the farnuT. ddu* disad\’antag(' in using mixed 
fertilizers, other than the fact that their cost is higher, due 
to the inclusion of a mixing charge, lies in the opportunity 
afforded the manufacturer to ])ut into the mixture some of 
the less desirable carriers of the nutrient elements. 


THE FUNCTION OF THE CONTROL CHEMIST 

Practically all of the states have laws regulating the 
sale of fertilizers which make it comjnilsory for the manu- 
factuier to state on the bag, or on a tag attached thereto, 
the sources of the fertilizer elements and the penaaitages 
and solubilities of these elements. Ivich of these states 
has in its (mii)loy a control chemist whose function it is to 
see that the guarant('(!s of the several companies are met in 
the mixtures which they sell, both as to [)ercentage and avail¬ 
ability of the essential elements contained in them. Pre- 
\'ious discussion has shown that the solubility tests for 
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phosphorus and potassium seem to indicate availability 
fairly satisfactorily. There is somewhat mt)re uncertainty 
as to the solubility tests for nitrogen. As a rule, how¬ 
ever, the intelligent buyer is protected by the inspection 
service, the report of which shows the claims of the fertilizer 
manufacturer and the findings of the control chemist The 
opportunity for the use of materials of low availability is 
less in high analysis fertilizers siiKT- these usually contain 
the fertilizer elements in sucli small ])erceiitages that high 
analysis mixtures cannot be made from them. 

“ WET MIXED » FERTILIZERS 

One of the arguments of the fertilizer manufacturers in 
favor of factory mixing of fertilizers is that by this means 
an outlet is provided for all kinds of waste producits of plant 
and animal origin which have little or no value for any 



Fig. 28.—"While a. certain amount of home-mixing is done, the major portion 
of this work lias been taken over ])y the fertilizer manufacturers, who 
should 1)C able to do it more economically and in many ways better than 
the farmer.” 
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other purpose. In the “ wet mixing ” process these organic 
by-product materials arc mixed with the phosphate rock 
and the mixture is treated with sulphuric acid. After 
being processed in a “ silo,” allowed to cure, taken out and 
pulverized, the resulting material contains its nitrogen as 
well as phosphorus in more available form. The work of 
Hartwell and Pember, previously referred to, shows the 
effectiveness of this process. Many of the factories are 
simply dry-mixing plants and the organic materials are 
therefore not i)roccssed. This will be shown by the solu¬ 
bility tests of the (control chemist in states in which such 
tests for (juality of nitrogen are made. However, the fer¬ 
tilizer industry is becoming each year more of a chemical 
and less of a scavenger industry, and an ever-enlarging per¬ 
centage of the ingredients are inorganic (jompounds carry¬ 
ing the fertilizer elements in highly available forms. 

An ox(^ellent. discussion of the problems involved in the 
fertilizer business is given by Hills in which it is shown that, 
on the whole, the manufacturers are rendering a valuable 
service to the farmer in taking over the entire problem 
of assembling and compounding the s(iveral fertilizer ingre¬ 
dients into mixtures of good mechanical condition and 
meeting the requirements of the crops to be grown. 

HOME-MIXING FERTILIZERS 

In the event that the mixing charge is too high the 
farmer has the alt(‘rna,tive of mixing his own fertilizers. 
These can be put together in ratios to suit the requirements 
of each crop. As a result of the activities of the fertilizer 
industry it has become customary to speak of fertilizer 
analyses in terms of their contvmt of ammonia, phosphoric 
aend and potash. Thus a 3-12-4 fertilizer is one w^hich 
contains 3 per cent of total nitrogen (;alculated as NHu, 12 
per cent of ^‘available” phosphorus calculated as P 20 r„ and 
4 per (;cnt of water-soluble potassium calculated as K 2 O. 
Assuming that such a fertilizer was to be mixed by the 



228 


MIXED FEirriLIZEliS 


farmer, he would ordinarily [)urchas(* nitrate of soda, acid 
phosphate and nmriatc of potash as liis sources of these 
coiiipounds and mix th(*Tn in the following proportions: 


TAIiLE LXXXVIl 


lN(.UKl)rKNTS F(JH (>i\K OF FkKTIMZKII 


1 

(’:irri('r 

1 ( :oTn])()un(l 

1 

Per (V'lil 

1 

Pourtds 

Jt«*(iijir('(I 

_ 

Nitrsitc nf soitM 

Mi., 

19 

:U() 

A(‘i<t ))ti<is|)hn(c 

1 *;( I.'. 

lU 

ir»(K) 

Miiriato of i)otii!'li 

K'lO 

r)() 

KiO 

Eillor . . 



2-1* 

1 





T1k‘ (liliT iii.ij, III' iiiiiiltcil :Mui I In- f<'ilili/.i'r :i]i|ili( :itiiiii roiliu'Ctl accordiiiEls 


The fertilizer manufacturer could, if he desired, st) select 
his materials as to secure the correct p(TC(‘nta.g(‘s without 
the use of any filler. Usually lie finds it desirable either to 
use an organic carricT for jiajf of the nitrogen or to add a 
small amount of some inert material, such as sand or muck, 
in order to insure that the mixture will not become hard on 
standing. Time and limestone have often been employed for 
this pur])ose and are very (‘ffectiv(‘, altlKiugh if used in any 
considerable amounts tlu'v tend to reduce the availability 
of the ])hos])horic acid and to cause the volatilization of 
ammoniacal nitrogen. 

THE USE OF SINGLE FERTILIZER SALTS 

Tt is probable that, witli the d(*veloj)nient of the more in¬ 
tensive and s])eciahzed systems of farming, it may be found 
desirable to ut ilize the s('V(‘i'al fertiliz(T mat (‘rials at diffcTent 
periods in the growtJi of the crop. Tims in orchards and 
vineyards it is customary to afiply nitrate of soda or some 
other readily soluble cairier of nitrog(‘n (^arly in the spring 
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No fri1ili/i'r» 12 ^ 
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\ci(l 20 buHlicls.^ 





Ai*ul ]ili<>^1111:1 (< iiiitl inliritf’<>r 
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20 . -"Eiich of lli(‘ in;il(>ri:ils luldc'd lo llu' imxliicliv(' ciipiicily of llir 
.soil mikI 11i(’ ii(* 1 I’osiill of llicir coTohincd ii.sc \\;is I he i>rodii(‘tloii of l;u‘f 2 ;( 
:iv«t:ikc >i('Ids’''^ 
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season, while phosphate and potash fertilizers are applied 
at some other convenient time for the benefit of the mulch- 
or cover-crop. Similarly, soluble nitrogen carriers are some¬ 
times applied to wheat in the spring, while the other fer¬ 
tilizers are applied at the time of seeding in the fall.. By 
this means it is possible to more nearly fit the application 
to the needs of the crop as d('tcrmined by th(i seasonal fac¬ 
tors and the condition of growth of the crop. Such prac¬ 
tices are common in Euro})o and are likely to become much 
more so in America. 

By far the most common practice in general farming 
systems in America is that of confining the fertilizer to 
some carrier of phosidiorus and d(*p(mding upon the air for 
nitrogen and the soil for ])()tassium. Ihidoubtedly similar 
practices account for the waves oi unpopularity experienced 
by lime and landplaster. The continued use of any single 
fertilizer or liming material tends toward a relative accu¬ 
mulation of the eh'inents contaimd in that material with 
the result tliat. unless care is taken to insure the presence 
of adecjuate amounts of the other elements re(]uired by 
crops, tlie single material a]jj)lied will evcaitually become 
meffc(^tive. Fortunately acid phosphate contains not only 
phosphorus but also calcium and sulphur. Further, it 
happens to be useful on acid soils and tends to stiniulat(‘ 
nitrogen fixation by legumes and the non-syinbiotic organ¬ 
isms. Undoubtedly the experiences of farmers with lime 
and landplaster will not bt; duplicated so extensively M’ith 
acid phosphate, although it is probable that many farmers 
would find that carriers of nitrogen and potash could be 
used to advantage to supplement the jdiosphates on much 
of the soil which has been farmed for fifty years or more, 
unless a well-managed livestock or a leguminous-green 
manuring system is practiced. 
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THE ADDITIVE EFFECT OF FERTILIZER SALTS 

It is interesting to note the more or less additive effects 
of lime and the several fertilizer salts. This is well shown 
on Ihe silt loam soil of the Ohio Agricultural Experiment 
Station at Wooster. The soil of this farm had been depleted 
of its virgin productivity before the fertilizer tests were 
begiui. After some ye-ars of experimenting it was discov¬ 
ered that the soil also required lime. From this date for¬ 
ward lime or limestone was ai)j)lied regularly as required. 
The following tjibh^ shows the data of average yields pro¬ 
duced for the period 1900-191S, on various plots receiving 
lime and the several fertilizer salts; 

'FAULK LX.\X\TIT 


Addttivi; I0fpe(t of Vakiofs l'’EimLrzi!:i{ Sai.ts 
Avcrauf Acn*-Yields, Wooster Silt lA>am Soil. 19(K)-1‘.)1S 


Addiliunal 

Tniiittneiit 

Poundst 

C^orn, 

liu. 

1 

Oats, 

Bu. 

Wheal, 

Bu. 

(Mover, 

C.wt. 

'Fimothy, 

(Vl 

None 


2r) (> 

30 0 

12 2 

MM 

22 0 

Liiin'stoiip . 

4(MK) 

in li 

35 2 

15 7 

Bmfl 

30.5 

Ai;id [)ho.s|>ha1(' * 

;12() 

89 

40.3 

24 9 


37 9 

Nitnilf of soda * 

4 SO 

45 9 

50 5 



40 2 

Muriate of potash * 

2(i() 

54 4 

53 2 


33 2 

40 9 


Applii-d III iiilditioii to !l 1I thoMi- iiiiMitioiiod ubovc it. 
t Pounds ptT acTc cai-h tivc-jcar period. 


It is not the imrpose, at this time, to considc^r the ratios 
of the several fertilizer materials best suited to tin; needs 
of the croi)s grown or which would yield the largest acre 
return on the investment. The data show that each of 
the materials added to the productive cdipacity of the soil 
and that the net result of their (nmibined use was the pro¬ 
duction of large average yields of the croi)s grown in the 
rotation. Undoubtedly the use of more suitable ratios 
and of greater total quantities would have resulted in larger 
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and more economic yields. It must also be kept in mind 
that no manure was ajjplied to tlie soil and that the rotation 
followed does not meet the reciuireinents of good soil prac¬ 
tice. 


THE GROWTH OF THE FERTILIZER INDUSTRY 

Similar data could be found on almost ev^ery experi¬ 
mental fann in America tin* soil of whi(*li had been under 
cultivation for twenly-tive years or intwe l)efore the test 
was begun. As a result there has Ix'en a very rapid in(;rease 
in the use of h'rtilizers, a lai-g(‘ portion of \vhi(*h ha\'e been 
of the mixed \'ariety. Tlie following table gives the (!sti- 
mated tonnage of feitilizers, including both unmixed and 
mixed, which was consumed in the United States and in a 
f(‘w repr('sentative individual states as given in the jVuierican 
E^^rtilizcr Handbook for 1020: 


TAHLK LXXXIX 


Ekktimzku CoNsrvrTTO.v iv '^I'ons in tiik 


1 '\iTKD Statks, 1912-1919 


\ fill- 

Eiiili'il 

(.icorfiiti 

M;i,ss;i- 
(‘llUSl'IIS ' 

Ohio * 

Ktiiisiis 

1912 

r).9Sl,(MMI 

l,l(i;>.()fM> 

IS.IMM) 

101, ()()() 

0.(M)0 

I9i:{ 


1.12().()(HI 

.01.(KM) 

is:h()()() 

7,:«)0 

1914 

7.:{(w.(KK) 

1,2S2.()()0 

,01,(M)() 

2():{,()()() 

9,1(H) 

i9ir> 

r).ri.s(i,(U)() 

S72.(KM) 

.OCi.OOO 

220,()(){) 

10,IM)0 

1919 

r).K)7.(H)() 

711.(MM) 

.Vi.OOO 

1K7,))(){) 

7,900 

1917 

(•),221,(HM) 

S9.'),(MM) 

lil.OOO 

KiO.lMM) 

7.000 

191.S 

9,77N.((0() 

92:>.(MM) 

(iS.OOO 

219.()(M) 

S.OOO 

1919 

iSf liltin' 111 lies 

(i,927,0(K) 

99l),()(M) 

()1.(M)() 

:i()0.()(H) 

10,900 

i»f 

2.97:5,774 

r.9.2(ir) 

S.2()C) 

11.010 

S2,I0S 


i^hiiinatc.s fi(iiii iiifoi iiKiiloii 1 1\ Mtiilf i((Ii<'iiiK .111(1 Ici i iliin-i comiiaiiiC'' 

The rapid growth of the fertilizcj- industry is assured. 
Many of the problems whi(di are (»f most concern in their 
economical us(‘ remain to be Hf)lved. Some ot these have 
been suggested in jirevious chapters and otln'rs will be dis- 
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cussed later. Tt is apparent that farmers are convinced 
that the various materials which enter into the composition 
of fertilizers perform a useful function, or functions, in the 
soil, and crop. 


FERTILIZER PRACTICE IN OTHER COUNTRIES 

European countries also use fcalilizers in largo amounts. 
In fact th(* practice' was begun as a result (»f the investiga¬ 
tions and teachings of Liebig in (iermany, of Lawes and 
(lilbtTt in England and of \’illo and Tloussingault in France. 
As previously mentioiK'd, hadilizers arc' not mixed in fac¬ 
tories in Europe as thc'y are in America, but they are usually 
applicnl sc'parately or, if mixed, the mixing is largely done on 
the fann. 

The only countric's in whicli agriculture has been car¬ 
ried on succc'ssfuliy o\'(‘r a long ])('riod of yc^ars without the 
use of fertilizers arc (Lina and Japan. A most intcn'stiiig 
discussion of the nu'thods of soil management ein])loyed 
in these Oriental countries is gi\'en by King in his book 
entitled “ Farmers of Forty Oenturies,” from which it is 
evident that the ])lan em])loy('d by the farmers of these 
countries does not dilTc'r in princi])le from that of Americ^a. 
The difference is one of nu'lhod since in CLina and .Japan 
every bit of human ('xci’c'rnent is cnrefully saved find 
returned to the* field in the ])lace of the mineriil fertilizers 
used in Eurojie and America. 


liKFKUJONCES 


1 

2 

3 . 

4 . 


AituTK’jin ilizoi'Jl;jii(]l)()<>k \\ aic Hios (’o, Piiiladolpliia, |> IS, 1920. 

Hills, ,1 !;. 'riu“ inaimlacturi' of coinmonaal fertilizers. Xcnnoiit A^r. 

E\i) Sla , liiil 207, 1!»I7 

King,]'' II I'aniKTS of t'orly ('eiitiUK's 'l'li(‘-Auilior Madison, Wis , 
])!> 141 , 1911 

Tliorn<>, C E.. and r\»-\vorkors ’’I’lie niainlenanee of lertilily \ (juarler 
eeniury's work willi niainirc* and lerlilizers. Ohio Agr. Exp Hta., 
Bui. 330, in>. 5US-0(J2, 1918. 
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As previously iridic^ated, prac^tieally all soils which have 
been uiid(;r cultivation for twenty-five years or more have 
their i)roductive capacity improved by the use of well- 
chosen fertilizers. Usually, the carriers of nitrogen, phos- 
fdiorus, potassium and the alkaliiK' cahuum compounds are 
somewhat additive in thc'ir effects so that by their com¬ 
bined use the yields of cro})s can be raised to a very high 
level. The problem before the farmer is that of deciding 
on the ratios of these elements best suited to the needs of 


his crops and as to the quantities to apply. It is evident 
that the soil, tfie climat(' and the crop must, receive consid¬ 


eration in reaching a decision. 


There is a further economic 


problem involved which may make it necessary to sacrifice 
yields for profit. This factor may affect both the ratios 
and the amounts of the several elements which are applied. 


THE SOIL FACTOR 

C-ertain general prin(i])l(‘s may be stated which govern 
the choice of f(^rtilizcrs in so far as this is related to the 
character of the soil. Uhcmi(;al analyses checked by many 
tests of fertilizers have shown that most of the soils of the 
United States are relati\’ely deficient in phosphorus. It is 
for this reason that phosphat(*s hav(? become so popular, 
particularly in tin; general farming areas in the Central 
West. It has also been definitely established that sandy 
soils are usually low in their content of available mineral 
elements and nitrogen. This is particularly true of cer- 
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* 

tain beach sands which are often made up of almost pure 
quartz particjles. Muck and peat soils are high in their 
content of nitrogen, but quite often contain only relatively 
small amounts of potassium. Acid peats arc^ also espe¬ 
cially deficient in their (content of phosphorus. Soils of 
sandstone and shale origin usually contain very little car¬ 
bonate of lime, and associated with this condition is a 
reduced availability of the nitrogen and mineral nutrients. 
All soils in the humid regions tend to become acid when put 
under cultivation. 

THE SYSTEM OF SOIL MANAGEMENT 

The management of the soil, as related to the system of 
cropping and the method of disposal of these (;rops, is of 
primary importance in determining the extent to which the 
soil can be made to yield up the reciuired elements to plants. 
The well-known beneficial ('ffe(d. of legumes in aiding in the 
conservation and increase of nitrogen in th(i soil makes it 
essential to take into (consideration the frequency with 
which such crops ajipear in tin' rotation. If the crops grown 
are fed on thee fann and the iiianiirt' is (careefully conseerved 
and returneed, the loss of mineral (elements and of nitrogen 
may be reduced to the minimum and the reeiuirements 
of large crop yiedds can ])e med. for many ycears without the 
use of any comnuTcial fcTtilizers excei)t jho.sphates. If, 
in addition, supideemeaital feeds are i)urchas(;d. the produc¬ 
tivity of the soil may be still furtluT increeased and the 
expeenditure for feertilizers may be' confineed to that neceessary 
to maintain a proi)eir ratio of the nutrient eleeme'nts. In 
grain farming, it is possible to have a system of soil man¬ 
agement which corresponds in its effectiveness to that, of 
liv(?stock farming, by growing a legume crop to plow under 
and returning the straw and stover of the grain crops to 
the soil. 
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DEFICIENCIES IN PHOSPHATE AND CARBONATE OF LIME 

As previously indicated, no matter wlietLer a livestock 
or a well-managed grain system of farming is practiced, it 
becomes necessary in time to snpply i)hospliates to most c f 
the soils of the United States a,s a means of returning the 
phosphorus remo\ ed in tin' grain, or in the hones and milk 
of the animals sold from the farm. It is also essential, as i\ 
rule, tliat limestone be n'gularly applied in amounts sufl!- 
cient to com})(‘nsat(‘ for the loss of carbonates in the drain¬ 
age and cr()])s and to maintain the soil 7‘eaction at a ])oh.t 
which will meet the reciuirements of th(‘ crops grown, '^ll.e 
nitrogen and potassium economy under either of thete 
systems of soil management can be satisfactorily provided 
for. since conditions an* favor, ble f,)r both the symbiotic 
and non-symbiolic nitrogen-fixing organisms, and the 
aA’ailable potassium may be hugely retm*ned in the crop 
residues and manuna 


T:-:E CLIMATIC FACTOR 

The various factors infliuMicing th(‘ rate of growth of 
jilants are definitely intenx'lated. Of these factors the 
climatic grouj). jnvviously mentioned, are highly imj)ortant 
and have a controlling infhunce in the distribution of crops. 
Tem])erature and rainfall, ])articulaTiy the rainfall-evap¬ 
oration ratio, o])erat(* as limiting factors in crop growth in 
eitluT extreme. If all otluT factors are at the o])timum, 
higher tenijieralures, within certain limits, increase the 
rate of biological actiN'ities. both hi the soil and iii the jilant. 
Uhemic.al reactions ordinarily double for ('very inc7-('ase in 
tempei’atiu'e of KT' U., although no such i77c7('a.se is notc'd 
in the rate of gi'owth of ])lants with rising tc'iniua-.atm'es. 
How('ver, 7nost of th(' biological ]>i-ocess('s i7i the soil are 
7nuch 7nore 7’api(l in wa7'7n climat('s providing th('y a7’e not 
held in clu'ck liy tin* lack of water or some other limiting 
factor. 
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Bear concludes that nitrogen fertilizers are likely to be 
more effective, under average conditions, in the latitude of 
Wisconsin and Georgia than in that of Ohio. In the north¬ 
ern ♦states the soil docs not warm up so early in the spring 
and the seasons are short. Nitrification is tlnTcforci d('layed 
and is not likely to be excessive. Quite the opposite is 
true in the Southern States. This greater nitrogen loss 



Fig. 30.- "It is evident, tlmt the soil, t,ho clima1.c and the crop must receive 
consideration in reyehing a dc'cision :is to flu' fertilize*- niialy.sis to use. 
There is a further eeononiie j)roI)Iem involved wliieh may niak(« it, 
neees.sary to .saerilice yield.s for ])rofit.” ((’our1e.sy, Pennsylvjuiia 
Agricultural Experiment Station.) 


could undoubtedly be corniiensated for by an increased rate 
of nitrogen fixation, under conditions in which advantage 
Avas taken of the more rapid growth of leguminous crops. 
Truog states that more limestone is retjuired in cool climates 
by reason of its relation to crop imiturity. He also states 
that weathi'ring processes are more active in tlic South and 
more lime is riiadt^ available from the soil. 

Hall calls attention to the value of f)hosphatic fertilizers 
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in wet seasons, as a means of hastening the maturity of the 
(Top. This efh^ct. has been rather generally noted, partic¬ 
ularly in connection with the use of acid phosphate. Hall 
furtlKT states that in dry seasons potash salts, by inducing 
a longer p(Tiod of groAAth, tend to be more effective in 
increasing the crop yi('ld. In n^gions of sparse rainfall and 
in dry seasons, (‘ven in humid climates, large applications of 
s()lubl(‘ fertilizer salts ma}^ increase th(' rat(: of growth and 
transpiration of crops ti) such an (extent as to make the lack 
of water a seriousl}' limiting fac^tor. It is thus apparent 
that both the composition of tlu' fertilizer and the rate of 
application will be influ('nc(‘d by the climatic factors. This 
is one reason why the f(Ttiliz(T n'comnu'iidations, even for 
the same crops and for soils of similar characteristics, differ 
in the various states. 


VARIATIONS IN CROP REQUIREMENTS 

It is w(dl known that crops vary in tlieir mineral require¬ 
ments. This is indicated by the fact that they are found 
to contain vc'ry different amounts of the several soil ele- 
iiKmts p(T unit of dry weight or })(‘r acre* of crop. There is 
also the additional com])lication in that they diffiT consid¬ 
erably in th(' s])read and character of tlnnr root systinns and 
cons(‘quently iii tlu'ir cai)acity to secure mab'rials from the 
soil, 'riiese ditTer(‘nc(\s w('re notc'd in comu'ction with the 
discussion of the use of jdiosphate rock and h'ldspar as fer¬ 
tilizers. It is also a \\(‘ll-known fact that some crops 
r(^spond much mor(‘ vigoi’ously to the use of hTtilizers. or 
to one or the otlu'r of the sevcTal salts of which fertilizers are 
made, than do others. 

Hartwell has presented a preliminary classification of 
crops, on the basis of their ('XjH'rimenlal response to the 
thr(‘e fertilizer elements ordinarily considennl, as indicated 
in Table XC. 
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'J’ABLE XC 

Response of Crops to I'ertilizeu Elements (Hartwell) 


Croiii)od According to Order of ResiMWise * 


■ ■ 

• 

(Jrouj) 

Niirogeii 

J'liospliorus 

I 

1 

Pota.ssiuni 


Bye 

(.’arrot 

Clorn 

• 

Bean 

Buckwheat 

Bye 


(\)rn 

Millet. 

(’ahhagi* 

1 

tUiiMniiber 

Oat, 

'J'urnij) 


(’ahl)agc 

Pi'a 

Bean 


]V;i 

Bean 

()at. 


Pet.'ito 

'^roinalo 

J'(‘a 


AVlteal 

('(jrn 

Millet. 

1 

iSuidlower 

J'otato 

Wlu'at. 


Tiiriiij) 

Bye 

Buckwheat 

II 

Tointili) 

^\'lleat 

Carrot 


Beet. 

Sunllower 

Potato 


( Wroi 

Bailey 

Tomato 


Oat 

1 

Lei 1 iic(' 

Barley 


Millet 

('al)l>:ii>:e 

Sciuash 


Parsniji 

Bei't 

Sunflower 


Biiekwheat 

Cucmiiher 

Beet 

III 

Lettuce 

Onion 

(>nion 


Barley 

Parsnip 

Parsnip 


S(|uash 

S(]iia,sh 

Letuic(> 


Onion 

1 

1 

'rurniii 

('ncunilier 


* In tbo iilioAc tlnis<- i-rops in (Ipkiiji 1 slif>w llic Krc.'itcsl rrspon.st" to the nlntiiciit.'s 

iiidicutnd. 


THE ECONOMIC PHASE OF THE PROBLEM 

In deciding its to the fertilizer analysis, Hartwell, of 
nocessit}", takes into consideration th(' nialter of et^onoiny. 
He suggests a standard ratio of 2-3-2 for th(‘ aninionia, 
phosi)horic acid and j)ota,sti. respectively, and multiplies 
this by the number of the group in which each crop is 
found for each of these compounds in order to ar»’ive at a 
conclusion as to the most suitable' fertilizer analysis. On 
this basis onions and i)arsnips would be given a 0-9-0, pota- 
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toes a 3-9-6, corn a 3-9-3 and cabbage a 2-9-2 analy¬ 
sis, etc. 

In the growing of the more specialized crops little atten¬ 
tion is paid to the “ bank account ” method of calcul/iting 
the necessary return of mineral elements and nitrogen, but 
large amounts of complete fertilizers are supplied, since there 
is oi)portunity for additional profit either by reason of a 
greater yield, a better quality, or the possibility of getting 
the product on the market earlier than most competitors. 
The relationship between the aci’e value of crops and the 
I)ossibilities from the use of fertilizers are indicated in the 
follow'ing table. In this table the assumption is made that 
a 10 per cent increase in crop yield w ill result from the use 
of a fertilizer. Th(' last column shows the number of pounds 
of fertilizer costing $40 per ton which (^ould b(» purchas(*d 
from the procecKls of sales of the 10 per cent increase of 
each CTop. 


TAHLt*: NCI 

A(TiE \’aLTTK of ('IW)PS As RklATEI) to lOxPKNmTTIUES FOIi FEKTIl.rZEliR 
C’silcnlatt'd from 1{)2() AvorMgt' ^’i(“lds ;md Friers in Ignited States 


Prop 

Vielil 

jktActp, 

Dee 1 
Jbiet* 

AfTC‘ 

\ aloe 

1 

10 

J’ert'ent 

Increase 

j 

Ferlili? 

Found 

Corn 

;{(> a 

.«;o C>77 

$20 92 

!|2 09 

lOfj 

Wlieat 

i:{ s ' 

' 1 14:5 

19 91 

1 9‘) 

KM) 

Oats 

Ar> 2 

0 472 

l(i 01 

1 Citi 

s:5 

I^)i^^toes 

109 Cl ! 

1 1()1 

127 o7 

12 70 

(lilS 

Tobneco 

7t)0 1 

0 211 

lOS 07 

10 SI 

S41 

C'otton 

170 S 

0 no 

2:i 91 

2 :iu 

120 


* A.ssiiiiiiliK ii 10 per in <-i(ip from llu- um- of fciIilizcrs flu- vnluc of ttii* 

iricreiihc would lie oiimvnlfiil to flic ooht of llic niiiidier of i>oijnd^ of fertiliziT iiidiciited when 
culculiilcil lit $40 ptT ton 


The above figures indicate that tlie famier could afford 
to invest in S41 pounds of fertilizer costing forty dollars per 
ton to se(*ure a 10 i)er c(^nt in encase in the yield of tobacco. 
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Kiri. 32.- fortilizor. 


“In <ho growiiiK of (he inorc six'cinlizcd crops lilllc' atii'iHion is paid to 
the hiink-iiccoiint method of calciiJalim!: th(' nccc.ssarr r(‘tuni of mineral 
rfemonls :uid nitropi'ii hiil large* amounts of eomph'te fertilizer are supjilied 
siiiert then* is opportunity for iidditionul profit either hy rea.son of a greater 
^ield, a hettra" (]ualify, or the possibility of getting the product on tlie market 
earlier I,Inin most eomjietdors.” (’ueumhers on Ohio Exjierimeiit Wtsdion 
r'jirin at, Marielta. 
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at the average price indicated, as compared to 83 pounds 
in the case of oats. 

'^rhc cjuantity of fertiliz(;r whicli (;an be applic^d to advan¬ 
tage to any given cro]) is governed by the relative cost of 
the fertilizer and the s(:lhng price of the crop. This it? very 
well shown in the folLtwrig table taken from the work of 
Jordan at tlic N(nv York St;:te Experiment Station at 
(leneva. At the time during wiiich the tests were uiider 
way ftTtilizers wcr(‘ relatively cheai), a ton of a 4-8-10 
mixture costing, in the unmix('d materials, $25. During the 
period from 1000 to lt)20 th(‘ Dec^ember 1st farm selling- 
price for potatoes in the United States has varied from 
$0.43 to $1.00 per bushel. Assuming $0.50 and $1.50 as 
re])resenting low and high pih^es it will b(^ seen that the 
V'alue of the increase iibove the cost of tlio fertili;:ers is 
greatest, for a 1000-pound ai)i)lication at the formei selling 
price, but for the 2000-j)ound aj)i>lication at the latter. 


1'AHLE xen 

SKM,iN(i I’kk'k of (’hoi- as 1!m.\ti:i) to (^fantity fni- FKimi-iy.Kit 
From Data on ImTca.'^c in of i’otaUM's willi -4 .S 10 •Vn;ilv.‘fis 





\'aliu‘ of Iii(‘roiis(‘ above 

I’ouinls 
lUT Aitc 

1 

1 

1 1 

1 (\),st 

I»('r Acn* 


' F«T(iliz('r t'ost, 

1 

Jiiislu'ls, 

JMT A<T(' j 

1 

1 

f 

At $0 r)t) 

At $l .')( 

.'>011 

VC, jr , 

! . > 1 > 

Ml 1 ' > 

.s.'> to 

S-JS 70 

101 lO 

I J .',0 

n j 

, t» tU) 

').•{ so 

l.'lOO 

Is 7•') 

ti. 1 ] 

S ‘Jfi 

;io 

JdlKI 

1 Jo ifO 

(ii 1 

:• 70 1 

07 10 


STANDARDIZING FERTILIZER ANALYSES 

ih(‘ fertilizer analysis to us(' d(*p(‘iids ui)on so many 
varialjles that it is difficult to make specific suggestions 
with refe?*(‘nce to its selection. The soil, the climate, the 
crop, the economic factors, including the relative cost of the 
several ingredients in the fertilizer and the total cost per 
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ton, and the selling price of the crop iire all involved. A 
study of the iiuestigational work on fertilizers iiidi(!ates, 
however, that there is little justification for any very large 
number of analyses, A (■(unniittee of agronomists rei)re- 
senCyig Indiana, Missouri, ^lichigan, Ohio and Wisconsin, 
in conferencie, agreed ui)on 14 analyses which wen' said 
by manufacturers to be feasible from the factory j)oini of 
view and which were believ('d to nu'ct the needs of the 
Middle West. Similarly the agronomists of the Middle 
Atlantic States agreed upon 10 analyses for the conditions 
which obtain in that n'gion. Later the IS’ew England 
agronomists eliminated all but 0 analyses which wc^rc 
believed to mec't th(' reciuirc'uu'nts of that region. These 
lists as adopted follow: 


TAIJLE X(’1II 

FioiniuzKii Anai.ysks Siui(iKSTi:i> ny AciiioN«)MisTs 


To Fil tli<’ Needs of lh(* \';inons Legions 
Juorfiduir Soils 

Middle West New JOiiglmid j Middle Atl;in<if 





0-12-0 

0 12-0 

0-12 0 

0 114 

2 12 1 

2 12 2 

2-12-2 

4- S (» 

2-12-1 

2-12-4 

8-l(M 

1 - 8 -0 

2-12-0 

8-10-0 

1 12 0 

2-14-2 

1- 84 

0 

2 -n >-2 

r>- 1 r> 

4- 84 

8-12 4 

O'- 8-7 


3- 8-0 

4- 8 0 

4-124J 

8- (H) 



On/dnIf iSdils 


0-10-10 fi-lO- o 

2-10- ti 0- S -1 

s- 7 0 ri 

s - s 0 10- 1 

•1 12- 4 1- s -io 

S-- r> 10 r, 0 


0- 8-24 
0 - 10-10 
2 - 8-10 


I 
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TABLE XCIV 


iSl'rKJKSTKI) ILsK ok FeU’I'ILIZEH A.valy.sks ‘ 

By Ohio Afirii'ultiiriil !in<l Expfriincrit Station 


Other 'J’reiitrneiil ! 

Tiight 

-colort'tl Soils “ 

i 

Ourk 

• 

-colored Soils •’ 

1 ■ 

None 

trover ■’ 

, 1 

Mniuiro 

1 

None 

Olover ' 

i 

Mnnure 

i 

t'Orii, rye 

2 l -J-t) 

0-14 4 

(V-l(i4)'’ 

0-14-1 

0-KM) 

0-10-0 

Wlietil, outs 

12-1 

2 14-2? 

' 0-1 (10 

2-14-2 

0-14-4 

0-KM) 

Alfiilfn, clovers 

2 12-(i 

0 14-4 

0-10-0 

0-14 4 

0-1IM 

0 KM) 

iSoyhetins, hetiiis 

0-14 1 

()• 14-1 

(1-1 (V-O 

O-KM) 

0-10 0 

0-10-0 

I’olnloes, iiiliticco 

.4 S (i 

2 12-(i 

2-11 2 

2-14 2 

0 14-4 

0 KM) 

Onions, eelery .. 

s-(> 

:i 12 4 

2 11-2 

:i-12-4 

0-11 4 

0-10-0 

Tornntotts, c;ibbtip:(“ 
Siifjiir bt'ets, tur¬ 

;{-i2 1 

2-12-0 

0 KM) 

2-14 2 

0-14-4 

(4-10-0 

nips . 

2 12 (i 

0-14-1 

C) KM) 

0-14 4 

0-10-0 

(4 10-0 

'J’iinotliy, Metitlows 
Perin:in(*nt T'tis- 

:j-12 4 

1 

2-14-2 

O-K) 0 

4-12 0 

0-KM) 

0-KM) 

t tires. 

Strawberry, rtisj)- 

O-KM) 

()-l()4) 

0 KM) 

1 

0-10-0 

(1-10 0 

0-KM) 

berry 

;{ 12 4 

2-14 2 

0 KM) 

2-11 2 

0-1TM) 

0 KM) 

(Irtipes, petiches 

0 11-4 

0-11 4 j 

0 KM) 

1 

0 10 0 

0 KM) 

(4 KM) 

Ap])l('s, petirs 

! (1-11 1 

I (1-11 1 i 

1 

0 KM) 

i 

0-10 0 

1 

0 10-0 

O-KM) 


1 TIh' ritli- of ion will viiiy from liOO to UOOO |>oini(ls jii'r iicrc, liirKi-ly 

upon tile iicic Millie' ol till' 'Top 'I'Ik' fiTtili'iSiT I rciitiiKTit foi I'lojih not incut lulled kIiuuIcI 
he lliiit of tile most cloM 1y iclnted liiemhci of the list 

? For hulit-colorccl siindr. use s:unc nniilyses hui incii'iise tlic' sinioiints per iiere 

* Toi liliieU Minds iiiid linn Ks siilistilnie (1-10 10 for 0 N 1, the 0 11-4 for 0—Ifi 0, 
line] the 2 ll’-() fill till' i; 1 f 111 H- li! 1, iiiid ilicreiisc llic iinioiiiits per iicie. 

' Assninintr ;i ton mid a hall yield of cIomt or some other leKiinie pieeediiif; the crop to 
be fertdized If the soil is in id, liinestone isesseiitnil 

f’On tile assuinplion that the hind reeenes tin- eijuivalent of S tons of w’ell-preserved 
iniiiiure per ac-ie every tears 

•’Arid pliosjihates 0 18 0, 0-l?() 0, and higher, wJiere nvailahJe, nmy be substit uted for 
the 0- It'i 0 

• Tile U-12 2 or 2 Iti 2 may he siihstituted for the 2-14 2, wherever found in the list 
^ Iti'i-onimended as hasie lieatineiits to insuie propt-i growth of niuleh or cover ero]>N 

■\rlditloiial spiing dies-,iiig^ of nitiate of soda (oi its eiiiii\alent in sulphate of amtiionia) at 
the rate of J pound lor eiieli bearing grape vine or J pound per year of age for each fruit 
tree are suggested 
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Undoubtedly these lists of analyses might still be sim¬ 
plified to advantage. It is probable that the relative cost 
of fertilizer nitrogen and phosphorus will gradually change 
as the pro(!esses of nitrogen fixation arc improved and the 
demand for phosphates increases in the grain-growing lands 
of the West. It will also be noted that the analyses sug¬ 
gested by the New England Agronomists contain rela¬ 
tively high percentages of both ammonia and potash. 
While the soil, climatic and economic faednrs vary in the 
several regions, it is probable that this does not entirely 
explain the diffennices in the sugge^sted lists of analyses. 
Hartw(41 stall's that it is “ probable that the current prai;- 
tice of applying phosphorus far in excess of w^hat the crop 
removes will eventually modify the soil so that the defi¬ 
ciency of phosphorus wall not exceed that of the other ele¬ 
ments.” 

Agronomists of several states hav^e made specific sug¬ 
gestions as to the analyses best suited to givmi crops and 
soils under the climatic and economic conditions w'hich 
jirevail in their ri^spectix i^ states. Of these the suggestions 
in Table XCIV, distributi'd by the Agricultural C^ollege and 
Experiment Station of Oliio t,o the farmers of the state, are 
selected as being somewhat typical. 

THE LAW OF THE MINIMUM 

The resc'arch method which offers most promise in 
answiTing the (juestion as to what analysis to use under 
any given set of conditions is one which attimipts to deter- 
iniiH^ th(' return for ('ach additional incri'ment of the lim¬ 
iting element, all the othi'rs being supplied at an assumed 
optimum. The probhmis involved in such a method of 
study arc many, but not neci^ssarily impossible of solution. 
It is becunning more and more apparent that questions of 
economy should not ('liter into consideration in such studies. 
It is desirabh' to know' at what point, eitlier when supplied 
in cxi^css or in deficiency, each fertilizer salt becomes a lim- 
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iting factor. Under any given set of (iconomic conditions 
it would then be possiblt^ to apjjroach a solution as to the 
most profitable mixture to api)ly. The following example 
of such a method of study on corn grown on Miami clay 
loam soil and under the climatic conditions which prevail 
at Columbus, Ohio, is given as being suggestive. In this 
test acid phos])hate, muriate of potash and limestone W'erc 
appli(‘d to the soil at what was estimated to be the optimum, 
the clement under investigation being nitrogen. This was 
applied in the form of sulphate of ammonia. The data 
follow: 

TABLE XCV 

EFKKf'T OF AdDITIO.NAI, I\r'HKMKNTS OF A LlMITlN(i Fa<TOK ON CoRN YlKLD.S 
Variablo, Sul])lial(' of Aimnoiiia—Ollier El(‘iticiit.s at a Theorc'tieal Optimum 


of Ain- 

1 liuT(‘M!sc‘ in 

Aitc ^’icld 

nioiiin, 



I’omuls j)cT A«‘i(' 

1 (Iniin, Bu 

Slov'cr, ('wl 

oO 

-;{ 7 

1 

100 

1 0 

2 7 

l.W 

0 ;i 

2 (» 

200 

If) 0 

S K 

400 

0 s 

10 T) 

800 

•S 8 

0 f) 

_ __ . _ 


__ 


The curve of increase indi(*ates that the optimum yield 
would have been produced with an aiiplicatioii of some¬ 
thing more than 200 pounds of sul]ihat(^ of ammonia per attre. 
The most i)rofitable rate of application at the pric(\s which 
prevailed in 1020, the year of the test, was one which was 
somewhat less than this amount. With a change in the 
selling price of the corn or in the cost of sulphate of ammonia, 
some other rate of api)li(;ation would probably be more 
profitable. 
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CHAPTER XXVI 

THE APPLICATION OF FERTILIZERS 

The time and method of appli(;ation of fertilizers varies 
with the nature; of the fertilizer, the effect which it is 
desired to have produced, th(' soil, the (;rop and the climatic 
conditions. In the; absence of any evidemce to the con¬ 
trary, the farmer applies these materials at the most con¬ 
venient time. Since distrilmlion of labor is one of the 
important factors in determining the economy of produc¬ 
tion of crops, there should be ample; evidence in support of 
any inconvenient time or method of ai)]jlicalion b(;fore it is 
adopted. This is especially true* in general farming where 
the cost of the fertilizer materials and of their application 
may be a considerable part; of the; total cost of producing 
the crop. 

TIME OF APPLICATION OF NITROGEN FERTILIZERS 

It will be recalled that aviiilability tests indicate that 
nitrate of soda is a more efiicdeiit (;arrier of iiitTogen than 
any of the others used in the experimental tests. In the 
small amounts in whi(;h it is ordinarily api)lie(l the losses 
by leaching, if any, ar(; more than (iompensated ft)r by the 
greater availability of the nitrate nitrogen. 

Keitt believes, from experimimtal work in South Caro¬ 
lina on the Portsmouth sc'ries of soils and under condi¬ 
tions of abundant rainfall, that soluble nitrogen salts, if 
used, should be applied during the growing period of the 
crop ratht;r than previous to planting. He suggests the 
use of small amounts of soluble niti'ogen, in addition to the 
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other fertilizer salts, on oats and cotton at the time of 
planting as a means of giving the crops a vigorous start, but 
recommends that most of the nitrogen be applied after the 
crop^ is well advanced. The suggestion for the corn crop 
was that the nitrate of soda be applied when the corn was 
knee high; for oats during the latter part of February or 
early March and for cotton during its early fruiting stage. 

Nitrogen presents a special problem by reason of the 
solubility of the nitrates and the fact that the soil has little 
fixing power for them. The problem is somewhat more 
serious in sandy soils and in regions recei\dng abundant 
rainfall. This is one reason for the suggestion of fertilizer 
manufacturers, jireviously discussed, that the nitrogen of 
mixed fertilizers should be supplied by several different 
materials differing in the solubility and availability of their 
nitrogen. Probably Keitt’s suggestion of delaying the 
application of part of the nitrog('n until the time when it is 
most needed and then using the more available carriers is 
to be preferred, except for tli(^ fact that it is not desirable 
from the point of view of national economy to confine the 
use of nitrog('n t,o nitrate of soda and to the exclusion of all 
other carriers. 

USE OF NITROGEN FERTILIZERS IN ORCHARDS 

It seems rather geiKTallj’ agreed that phosphorus and 
potassium fertilizers havci little direct cffecit either on the 
quality or yield of apj)les or other tree fruits, or on the vine 
and bush fiuits. Th('y do affect the growth of cover crops, 
particularly the h'guiiies, and will in time, undoubtedly 
thus indirectly affect the yield and (quality of the fruit. 
It is possible that a much more liberal use of such fertil¬ 
izers in connection with soluble; nitrogen may show direct 
effects, especially on soils in whicii the amounts of these 
elements in available forms are relatively small. 

There is still considerable doubt as to what are the 
causes of fruit bud fonnation, or as to just what condi- 
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tions are associated with fruitfulness. The various factors 
believed to be involved an; well reviewed by Gardner and 
his associates. It seems evident that then? must be a 
rather definite nitrogen-carbohydrate ratio and that when one 
or the other of these mate'rials is much in excess of the require¬ 
ments of this ratio, fi-uit is not produced. Probably other 
factors are inA'olved, Iml experiments indicate that usually 
the limiting controllable factor is the content of available 
nitrogen in the soil, particularly at certain seasons of the 
year. Data as to the time of api)lication of nitrogenous 
fertilizers to fruit tr(',es an* somewhat ni(\agor, but. the g(meral 
practice is to a])ply them around the trees just before they 
start their growth in tlie spring. 

USE OF NITROGEN FERTILIZERS ON WHEAT 

Ordinarily, nitrogen h'rtilizers are aj^plied to wheat at 
the tune of seeding, althougli sonic^ attention has been 
given to the use of spring ai)i)lications of nitrate of soda 
or sulj)hate of ammonia. More rec^ently (considerable inter¬ 
est has been aroused in the disco\'(‘ry that soft wheats can 
be changed in their characti'ristics to correspond to the 
hard wheats by regulating the tinj(' of npplication of nitrate 
of soda. The following data st'lected from the work of 
Gericke are of iiiterccst in this coniKiction: 

TARLK A'CVI 

Effect of Time of Axmm.ication on Pikitein Content of Wheat 


Diitcof A})})Iio!i(i()n, 
Days after Plant mu 

Protein (’onte 

n iiite Australjan 

[it in Per ('ent 

'J'lirkey Red 

0 

S 0 


17- 21 

9.2 


33- 30 

10 0 


4S- 0(1 

11 4 

13 4 

72- SI 

13 0 

14 3 

10(1-110 

15 2 

17 9 
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The soft spring, Australian wheat grain was quite sim¬ 
ilar in its characteristics to the hard winter, Turkey red 
wheat when the nitrate of soda was applied from 72 to 110 
days, after planting, and from 121 to 152 days before har¬ 
vesting. Tlie nitrate of soda was applied at the rate of 
100 pounds per acre. 

TIME OF APPLICATION OF PHOSPHATES 

Both phosy)horus and potassium are fixed by the soil and, 
thert'iore, are iK)t lost in such largo amounts by leaching. 
This is particularly true of phosj)horus since very little of 
this element is ever found in drainage waters. Notwith¬ 
standing the capacity of the soil to absorb these chinierits 
from solution, they seem to b(^ readily yielded uy) to the 
growing croj) as reciuired. This makes it aj)y)ear logical 
to apply the salts of these ek'nients in larger amounts and 
less frequently as a matter of (‘conomy of labor. Ordinarily 
the phosphati(* and potash fertilizers are applied at the time 
of seeding of each crop. Where a cro]) jnelding a high 
acre return is grown in the rotation on th(‘ general farm, it 
is sometimes found advisable to concentrate the fertilizer 
applications for the rotation on this crop, and depend uy)on 
the residual effect on the following crops. Such a method of 
applying fertilizers seems logical where a comi>lete mixture 
is used, but may yi(‘ld disap])ointing results if the fertilizer 
ratios are not well balanced. 

THE USE OF PHOSPHATE ROCK 

Since y)hosphate rock is relatively insoluble in water it is 
essential that this matc'rial b(‘ ajiplied at some time or in 
some way by vvhi(!h it will be brought into intimate contact 
with d(H;aying organic matt(T. ITsed in connection with 
manure, ])hosy)hate rock has been shown to be almost as 
effective a, carrier f)f phos])horus as acid ])hosj)hate. By 
scattering the rock over the manure before it is hauled to 
the field, distribution is effected without difficulty. 
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When applied alone, broadcast, it is believed that best 
results can be obtained by scattering it over the clover 
sod and jjlowing it under with the second growth of clover, 
or by applying it oji top of some green luanuring crop and 
plowing it under with this fresh niatcirial. Of the green 
manures the legumes are probably best for this purpose 



Fig. 33.—“If the fertilizer is separiii.ed from the seed, tuber or.the root of 
the young plant by a thin l.-iyei of soil, injury can be avoided.” (Courtesy 
of »Soil Irnprovetnerit Committee of the National Fertilizci’ Association.) 


because of their high content of nitrogen and sulphur which 
arc oxidized to their r(\spectivti acids in the process of decay. 

It seems best not to ajiply phosphate rottk at the same 
time in the rotation as liniestoiie, for reasons previously 
indicated. Probably in th(‘ ordintiry t.hree-y(‘ar rotation, 
for example, the limestone (tould btt applied on th(‘ clover 
sod the first rotation and the phosphate rock at the same 
point in the rotation the next time around. 
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THE DISTRIBUTION OF FERTILIZERS 

With the use of larger amounts of fertilizer the ques¬ 
tion arises as to how this may best be distributed in the soil. 
It ha^ ordinarily been assumed that, as the rate of applica¬ 
tion increases, the broadcast method of distribution is to 
be preferred as a means of preventing injury from too high 
a concentration of salts in the vicinity of the seed or the 
roots* of the young plants. A further objection to row 
appli(;ations is found under conditions in which the soil is 
in a low state of productivity, since the residual effect of the 
fertilizer on the following crop is very appanmt along the 
rows in which it was ai)plied. Recently this problem has 
been receiving mon; consideration. An excellent review 
of the literature on the subject is given by Haskell. 

DISTRIBUTION OF PHOSPHATIC FERTILIZERS 

Where the fertilizer is chi(;fly or entirely phosphatic the 
danger of injury from too high concentration of salts is 
much less than with the more soluble nitrogen and potas¬ 
sium salts. In so far as th(* evidence on th(^ use of phos¬ 
phates is concerned, it seems doubtful whether injury is 
likc^ly to result from row applications when used at the rate 
in which phos])hat,es an^ ordinarily applied. Contrary to 
th(j usual belief, investigational work does not indi(;ate that 
row appli(!ations tend to limit tlu^ distribution of the root 
systems of (irops. If the crop “ fin^s,” as is sometiiiuis the 
cas('- with the row melhod of distribution, this is probably 
due to the rapid rat(^ of growth of the crop with a corre¬ 
sponding increase in the rate of transpiration as a result of 
which available water becomes the limiting factor. 

DISTRIBUTION OF COMPLETE FERTILIZERS 

When i)hos])hates are sui)i)lenicnted with carriers of 
nitrogen and potassium, such as nitrate of soda, or sulphate 
of ammoJiia, and muriate of potash, injury from too high 
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concentration of salts is likely to ocemr, particularly whore 
fertilizers arc applied at th(^ rate of a tt)n or more per acre. 
Investigation of this problem indicates that if the fertilizer 
is separabnl from the sec^d, tuber or the root of the young 
j)lant by a thin layer of soil the injury can be avoided. In 
this connec^tion then' is op] )ort unity for choice between 
having the fertilizer in front or ])ehind, above or below, or at 
the side of the seed or t ub(*r. Side appli(*ations seem X)refer- 
able siiK^e the action of gravitat-ional and caj^illary water 
tends to distribute the solubh*. salts vertically, and, if the 
fertilizer is dropjx'd just ])re\'ious to tlu' droi)ping of the 
seed, thei’e is always a certain amount can’i(^d forward to 
the seed by the machinery. 


RAINFALL AS RELATED TO FERTILIZER USE 

The danger of injury, either as a n'sult of overstimulation 
of the cro]) or from too high concent ration of salts, is likely 
to be much less in tlu* humid n'gions having a high rainfall 
eva])ora.tion-ra.tio than in thi' drier regions Avhere this ratio 
is low. It ap])ears likely tliat tlu' use of larger amounts of 
fertilizer with a somewhat nioi'e localized method t)t dis¬ 
tribution will be somewhat mon^ desh’al >!(' in the humid 
East and South than on the drier soils of the West. In the 
Corn Ih'lt the danger from drouth is always imminent. A 
little slower growth during tlie summer, with a delayed 
=^aring until after the drier wc^atlu'r of .luly and August is 
passed and with a hastening of maturity after tlui drouth is 
broken in (‘arly Sei)temb(‘r, is most (k'sh'abk'. Th(‘ “ firing 
of the crop indicates that the h'rtilizer is doing what it. was 
intemh'd to do, viz.: incre.‘ising the rate of growth of the 
crop. This indicates that the soil and the climate w(‘re not 
suited to sucli ra])id growth and that Ihe method of dis¬ 
tribution was not (‘orrecl or th(‘ rate ol ap])licatiou was too 
hea\"y for the conditions to be met. 
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ECONOMY OF LABOR IN FERTILIZER DISTRIBUTION 

In general livesto(^k farming, pho,sphated manure can be 
applied to the clover sod and plo\^'od under for the corn 
crop? If the acid phosphate was not added to the manure 
it would appear logi(!al to a})ply it in small amounts in the 
com row at the time of planting. Larger aj)plications of 
phosphatic or mixed fertilizers could be made on the wheat 
at the time of seeding with subse(|uent top dressing in the 
spring with nitrate' e)f soda or sulphate of ammonia sown 
by hand or with a grass se'edtT. Any residual effect would 
be of value to the cIovct crop and later direertly and indi¬ 
rectly to the corn or other cro])s in the rotation. 

With specialized crops, it is ('sse'iitial tliat. the fertilizer 
be fitted to the crop and the climatic conditions so that the 
time, method and rate of api)lication must, be varied with 
the croj) and weather. The cost of f('rt.iliz('rs, including the 
cost of distribution, t)(',ing only a relatively small part of the 
cost of growing and marketing the crop, and the importance 
of earliness or (piality, make it desirable t.o use fe?-tilizers 
liberally and frequ('ntly in order to keep the crop undc^r 
(control in so far as this is i)ossible. Where wat.(‘r is sup¬ 
plied by overhead or sub-irrigation it is possible to prevent 
injury from exc'essive use of ff'rtilizers by hea\'y watering, 
("areful watching of the crop and the season ])ermits the 
specialized crop funner to anticipate tlu^ mu'ds of the crop 
and to sui)ply theses as they arise throughout the season. 
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(‘ffeet on soil. 165 
source of, 200 

Beets, effect of lime on yield of, 
181 

Biological analy.-is of .soils, 43 
factors, negative', 168 
jiroeesses in soils, 43 
(‘ondilions favoring, 52 
Biotie factor, man as a, 6 
factors and crop growth, 6 
Bone meal, comparison with other 
carriers of phosphorus, 
210 

effect on .soil, 155 


Buekw'heat, capacity to use potas¬ 
sium of feldspar, 224 
on wet soils, 71 
yields after various crops, 120 

• 

('ahhage, cluhroot control of, J71 
Calcium content of plants in relation 
to use of phosjihatc 
rock, 208 
in cattle, 167 
manuri', 160 

relation to plant nutrition, 83 
nitrate as .source of nitrogen, 194 
pectatc in cell wall, 82 
replaceiiK'nl by pota.ssium, 142 
sulfate in acid pho.sphate, 211 
Canning crops, .•^oil management in 
griiwing, 190 

('apillary movement of di.s.solved 
.salt.-', 141 

water, capacity of soils for, 63 
effect of ti'xture on rise of, 65 
rate of movcmenl in soils, 65 
Carbohydrate-nilrogen ratio in fruit 
bud formation, 250 
Carlum bisulfide, effect in soil, 173 
dioxide, as a limiting facbir in air, 
19 

.soils, 71 

nitrogen latio, HHi 
(’arbonale and phosphate of lime, 
still di'ficii'neics in, 236 
Carrot."', effect of hint' on yield of, 181 
(’atch crop, important ones, 113 
Cattle, analy.ses of bodu's of, 157 
Cement mills, as .source of ]>ol.assium, 
219 

('hemieal an.'ily.sis of soils, intcrjircta- 
tioii of, 41 
methods of, 40 
eomixi.sition of cloA-er, 11 
corn, 11 
rocks, 27 
.soils, 35 

relation to mechanical eom- 
|)o.si(ion, 60 
variation in, 37 
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Chemical composition of {amiimwi) 
subsoils, 38 
whc'jit, 11 

factors, ricgiilivo, l(i7 
Chemist, in fertilizer control, function 
, of, ‘JU;") 

Classes of rocks, coiii])osition of, 127 
soils, f)!) 

Classification of soil floi'a, 11 
soils, 2!) 

Climatii' factors ami croj) (listril)u- 
tion, 2 
growth, 1 

in relation to fertilizer jiractice, 
23(; 

reciuireiiK'iits of barley, 5 
corn, 2 
cotton, T) 
oats, r* 
potatoes, 3 
rice, 3 

sugar beets, T) 
sugar cam*, Ti 
wheat, 2 

fiaKloriavuni, IS 

('lover anihracnose, control ol, 170 
as a gr(*(‘ii inaiiun*, 112 
clieniical coinjiosition of, 11 
effect on following ciop, 50 
in Corn Hell rotations, 122 
nitrogen lived I a , 131 
sod, place* on winch to ajifily lime, 
I.S3 

('olloald jiroperties of soils, 57 
Color of soils, effect of fertilizers on. 
Ill 

significance of, 71 

Coiujiliite ferlilizc'rs, methods of dis- 
triiuition of, 253 

Composition of <-on(:entrated feeds. 
Kit) 

jilants, 10 

factors affecting, 12 
liver waters, 144 
seed coats, 14 
soil alkali, 78 
.soils, chemical. 35 


Composition of soils (conlinucd) 
diffen'iiees in, 28 
similarity in. 20 
subsoils, chemical, 38 
(’om[)ost, sulfur-phosphate rock-soil, 
200 

('omposting of manure, reasons for, 
170 

('ons(*rvation of phosphates, 200 
soil nitrogen, 125 

I C'onserving agents, plants as, 139 

j Continuous corn, 118 

cropj)ing ;md rotation compared, 
118 

oat.s, ns 

wheat at Jlothamsted, 110 
('orn Helt rotation, clover in, 122 
chi'inical comjiosition of. II 
climatic reciuirenu'nls of, 2 
continuous. MS 
cultivation of, 101 
plant, rail* of transpiration of, 20 
ya'ld, correlation with rainfall, 21 
follow'ing various depths of plow¬ 
ing, IM 

Avith varying amounts ol irriga¬ 
tion w.-ili'r, 2:{ 

t'otton, climatic n'(|uirements of, 5 
diM'a.se rcMstant strain, 171 
time ol aiiplication fif nitrate of 
soila on, 249 

' ('ounting bactena in soils, methiHls 
for, n 

I 

I ('owpi'as, disease resistant strain of, 
ITI 

nit'ogi'Ti fi\cd by, 133 
Crimson clover as a catcli crop, 114 
Critical point in water supply, 22 
('rop adafitalioii in ri'lalion to water 
siil>plv, 25 

distribution as related to rainfall, 

reiiuiremenis, variation in as re¬ 
lated to fertilizer prac- 
tic(‘, 238 

resjionse to various fertilizer ele¬ 
ments, 239 
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Crop {continue,(1) 
rotation, 116 

selling price of, as related to fer¬ 
tilizer practice, 2-12 
sequence in rotation, 120 
yields, effect t)f drainage on, 91 
fertilizer .salts on, 16 
soil tn;atnienl..s on, 9 
in relation to {)rgfiuic matter in 
soils, 111 

from manure and fertilizers, 111 
Cropc., distribution of, 2 
drought resisl.anl, 6 
effects on thos(' following, 120 
tolerance for alkali of, 7S 
water requirennait.s of, 19 
Cross inoculation, 129 
Cnicifers, sulfur contc.nt of, 14 
Crumb .struct ure, 58 
Cultipacker, use of, 100 
Cultivation of corn, 101 
to lionserve water, 100 
Culture solutions, abnormal condi- 
tion.s in, 86 
aeration of, 71 
for nodule bacteria, 128 
Cutworms, control of, 174 
Cyanarnide lus a .source of nitrogen, 
194 

Deflocculation, effect of alkalie.s on, 
59 

of sand, 58 

Denitrification, conditions favoring, 
51 

Denudation of land, rate of, 146 
Depletion of potfi.sMuiii in .soils, 216 
Depth of plowing, 96 
Disc, u.se of, KHJ 

Disease re.si.slant .strains of plant.s, 171 
Distribution of cro})s, 2 

in relation to rainfall, 26 
fertilizers, method of, 2.56 
Dolomite, effectiveness in a(;id soils, 
180 

Drainage, 85 
and irrigation, 92 


Drainage (continued) 
effect, on soil aci«lity, 90 
temperature, of soil, 90 
limibitions to, 89 
losst's of nit rates, 135 , 

wat«r, composition of, 142 , 
rate of removal, 88 

I Drained soils, available water in, 87 
! Dried blood as a source of nitrogen, 
194 

Drought, resistant crops, 5 
j Dry farming, 100 

-seasons in ridation to fertilizer 
])raclice, 268 

value <)f potash salts in, 238 
Drying, effect on soil, 58, 99 
Dy namic ag(*ncie.s in soils, 167 

Earthworms as soil renewing agents, 
145 

Ecological cla.s,sificat ion based on 
water r(‘(juiremf'nts, 24 
I'lconomic jwoblein involved in fer¬ 
tilizer ])ractice, 239 
lOconoinizing on liitu*, 155 
J‘k-ononiy of labor in fertilizer tlis- 
tribution, 255 

J^leiiK'nls, c.ssential and non-{:.s.sential, 
14 

in .soils, rare, 10 

Ero.sion as factor i7i .soil renewal, 145 
in orchards, 106 

Es.sential and non-es.semial element.s, 
11 

elements in subsoil, 168 
Evaporation, ratio t.o rainfall, 24 
I'Acrement,, human, used in (’hina 
and Ja])a.n, 266 
Excretions of plants, toxic., 72 

Factor, climatic, as related to fertil¬ 
izer practice, 266 

cro]), as related to fertilizer prac¬ 
tice, 268 

(‘conomic, as related to fertilizer 
])ractice, 269 

limiting, 15 
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Factor (continued) 
soil, and fertilizer practice, 234 
Factors affecting composition of 
plants, 12 

bioitic, G 

clinMitic and crop distribution, 2 
growth, 1 

soil, 7 

uncontrolled, 8 

rece«, nitrogen and ininenil content 
of, IGO 

Feeds, use of supplcTncntal, 1G5 
Fel<lsj)ar, ijotassiuni of, used by tirojis, 
224 

Ferrous sulfultoxic to plants, 74 
Fertilizer analyses, nn'aning of, 227 
standardized, 243 
suggested l)y agronoinisl s, 243 
and manure, relative effects of, 110 
application of, 248 
consumj)tioii in United States, 232 
distribution in soil, methods of. 

effect on accumulation of organic 
matter. Ill 

fitting to crop and climatic condi¬ 
tions, 264 

industry, grtiwth of, 232 
importance of, 227 
ingredicMits in a 3-12-14 aiudysis. 

practici' as related to climate, 23G 
erf)]) recjuirements, 238 
economic factors, 230 
.soil defieiencie.s. 234 
system of soil manage¬ 
ment, 235 
in KuroiH', 233 
the Orient, 233 
salts, additive effect, of, 231 
effects on crop yields, 16 
soil solution, 83 
Fertilizers, home-mixing, 227 
mixed, 225 
selection of, 234 
wet mixing, 22G 
Filler in mixed fertilizers, 228 


Finenoas of grinding phosphate rock, 

212 

limestone, 179 

Firing of crops, cau.se of, 254 
Freezing, effect on .soil, 99 
f’ruit bud formation, causes of, 250 

Oarbage tankage, as a source of ni¬ 
trogen, 195 

produced in America, amount of, 
191 

(leorgia, amount of fertilizer used in, 

0‘i‘> 

drain .system of farming, nitrogen 
economy in, 189 

dravitational water, effects in soil, 
85 

in relation crojis, 63 
drcH'ii manure, clover as a, 113 

crops, for making soil potas.sium 
available, 223 
effect on crofi yields, 113 
fertilizer system of soil manage¬ 
ment, 190 

manuring program, h'guminous, 
with acid jihosphate, 
230 

drowth of crofis, biotic factors 
affc'cting, 6 

climatic factors affecting, 1 
.soil factors affecting, 7 
(Jypsum for use w’th jihosphatc rock, 

‘>i‘> 

^ I ^ 

used with manure, 2(K» 

Harrow, use* of, 95) 
lle.ssian fly, control of, 174 
Home-mixing fertilizers, 227 
Hopkins method of testing acid 
soils, 180 

Hunijin excrement, use in China and 
Japan, 233 

Hurnus, meaning of term, 105 

method of extraction from soil, 105 
Hydrated lime and limestone, com¬ 
parison of, 181 

Hygrosi'opic water in soils, 64 
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Importations of potash salts, 219 
Inoculation, cross, 129 
of legumes, 127 
, methods, 128 
non-legumes, 130 
steriliztd soil, 172 
with Azolobacter, 130 
Insects, as negative factors, 174 
Ion ratios in soil solution, 82 
Ions, movement with capillary w'ater, 
140 

Irrigation, effect, on wheat yield, 71 
studies, critical point of water in, 22 
Avater, amount, in relation to corn 
yields, 23 

optimum quantity of, 22 
Iron JUS a fertilizer element, 17 
soluble, in acid soils, ISO 

.laiKin and C3nna, substitute lor 
fertilizers in. 233 
clover, limt' re(]uin*ment of, 1S7 
.lones 111(4hod for testing acid soils. 
ISO 

June, July and August, rainfall, relji- 
tion t,o corn yu'lds, 21 

Kainit as source of potassium in fci- 
tilizers, 219 

Kansjus, amount ol fertilizer used m, 
232 

Jvaolmito, form(*d in soils, SO 
Kei)) as a source of iiotassium in 
fertiliz(TS, 219 

Landplaster use on grass land, 211 
wane in popularity of, 230 
I^alerjil inoA'crnent of water in soils, 08 
Law of dininushing returns, 71 

the mnnuiuni appln^d to fertilizer | 
research, 24.^ 

Ijoather and luiir lus sources of nitro¬ 
gen, lOfi 

Lt'aves of legumes, nitrogen fixed by, 
127 

Legume organisms, nitrogen fixation 
by, 40 


Legumes and non-legumes in associa¬ 
tion, 127 
inoculation of, 127 • 

111 rotation, value of, 120 
nitrogen content of, 12 , 

use JUS gretai manures wdtji acid 
jihosphjite, 230 

Lime sdisorbing eapjieities of acid 
soils, 151 

of drained s(*ils, 90 
jimoimt (o apply, 187 
as ji filk*r in fertilizers, 228 
crop seciuenee in relation to need 
for, 121 

effect on organic matter, 112 
tilth, 59 

for liberal ing soil potassium, 
223 

form to use as related to distance to 
haul, J8.5 
in eyanaiiud('. 194 
ne(*ds of soil, nudhod of estimating, 

150 

rel.ative vjilues of diffc'rent forms of, 
177 

najuin'iiK'iit of crops. 81, 149 
groujis. high, medium and low, 
153 

use in nijirlud gjirdening, 185 
Liinesfoia*, jiinount to aiqily, 187 
and bydratc'd lime, eomparison of, 

151 

])liosplijite rock, aplicjition in 
reljition to each other, 
252 

economy in sods 148 
tineness of, as icljited to effeetive- 
nesK, 179 
mi.xing witli soil. 182 
nei'd, as rehited to climate, 237 
on clover sod. IS.'} 
time of aiiplieatioii of, 181 
in roljition to Jiiiply, 183 
Liming miderials, 177 

Tii'utrjdizing iiowit.s of, 178 
solubilities of, 171* 
re.spon.se of erojis to, 149 
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Limiting factor, carbon dioxide as a, 
1 <) 

water as a, 19 
Lipman conipost, 200 
Livestock syslcm of farming, imt.aa- 
• Slum economy in, 215 
nitrogen i*conoiny in, 190 
use. of acid phosjihate in, 2110 
Losses of elements in drainage*, i;i9 
Jjupins, amounl. nitrogen accumu- 
lat.('d In, 17 

Magnesium, roplaccmeni by polas- 
.sium, 142 

Management of soil, systc'iii used in 
(Uniiii an<l Japan, 2^{;j 
Man as a biotic factor, (i 
Manure, amount jiroduced, 105 
and fertilizer, relative- effects of, 110 
as crop producing :ig('n1, KWJ 
carrier of plant diseases, 170 
comparison of jiliosphati-s used 
witli, 210 

composition of, Hil 
kisses from Ie;i.ching of, Kil 
percentage n-eovery soil elements 
in, 159 

water soluble eonstitu<*nts in, 101 
Manures, animal, 157 
cold and hot, 102 

Market garden crops, (pi.-dity in rela¬ 
tion to f(‘rtilizer prac- 
tiei*, 2.55 

gardening, soil managem<‘nt in, lt)l 
use of lime in, 1S5 
Mar! jus a .sourei* of lime, 177 
Mechanical composition of soils, rela¬ 
tion to clK'iiiical, 00 
Medium for bacteruil counts, 44 
Methods of chemie.-d analysi.s of .soils, 
40 

Milk, analysis of, 1,5S 
Mineral eont ont of milk and wool, 15S 
whcit, variation in, II 
economy in soils, i;}7 
requirements of jilants, 10 
theori', 15 


Mineral theory (emtinued) 

too literal interpretation of, 138 
Minerulogical analysis of soils, 35 
Minerals, distribution of, in soils, 
3(i 

Minimum, law of, Jis apfilied to fer¬ 
tilizer researeh, 245 
Mixed fertilizers, 225 
Mixing fertilizers on farm, 227 
wet process of, ‘?2() 

Mixtures fif nitrogen c-arriers, 19(} 
Muck and peat soils, nst- of potassium 
fertilizers on, 210 
Mulch, soil, 00, 10(1 
Murhite of popish, eoniparison with 
other salts, 221 
on tobacco crop, 221 
in a 3 -12—1 fi-rtilizer, 22S 

Negative factors, laologieal, lOS 
chemical, 1(»7 

Neutralizing power of liming mater¬ 
ials, 17s 

Nitrate of pota.s^ium, comparison 
with other jxita.sli salts. 
221 

soda, Jimount used in America, 
191 

effect on soil .solution, S3 
time of jqipliciition on corn, 
24‘> 

eotPni, 249 
oats, 249 
wheat, 2.50 

use in a .3-12 4 fertilizer, 22S 
Nitrates, Idss in drainage, 1.35 
Nitrification, conditions favoring, 45 
.Nitrogen, accumulation in .soils, 49 

anioiint fixed by nodule liacteria, 
1.31 

and mineral rciiuirenient.s of crops, 
It) 

atniosplieric used by non-legumes, 
4t> 

ejirboii ratio, lOti 

earliohydrate ratio in fruit bud 
formation, 250 
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Nitrogen (contimied) 

carriers, indinict offoets of, 198 
commcrciaJ, sources? of, 191 
concentration in surface soil, 139 
conservation of, rii) 
content of legumes, 12 
rape, 14 

sweet clover, 114 
cycle in acid soils, 1,55 
economy in general farming, 1S{) 
intensive cropping systems, 
190 

organic matter in relation to, 107 
fertilizers, 189 

availability b'sts for, 190 
time of application of, 248 
in orchards, 249 
in relation to quality of 
wheat, 2.50 

use in relation to climatic factor, 
230 

fixation by leaves of legumes, 127 
by leguiiH* organisms, 4() 

non-symbiotic organisms, 48 
factors affecting rale of, 131 
accoinfianying growth of lupins, 
47 

in air, 12,5 

bodies of cattle, 157 
manure, 101 
milk, 158 
rainwati'r, 125 
se(*(ls, 11 

uriiK* and feces, 100 
wool, I5tt 

mixtures of carriers of, 190 
organic, processed, 194 
problem, solution of, 135 
synthetic, capacity world’s jilants 
for, 192 

Nodule bacteria, culture solution for, 
128 

effect of acidity on, 129 
nitrogen fixed by, 131 
Non-legume crojis, use of atmos- 
jiheric nitrogen by, 49 
Non-legumes, inoculation of, 130 


Non-symbiotic nitrogen fixation, 48 
Norfolk rotation, 117 

Oats, climatic requirements of, .3 
continuous, 118 

Onions on black soils, potassium fer¬ 
tilizers on,210 

yields of, afb‘r various crops, 120 
Optimum water contx^ait of soils, 08 
(juantity of irrigation water, 22 
Orchards, tillage and sod culture in, 
103 

time of application of nitrogen fer¬ 
tilizers in, 250 

use of phosphate and pot<ash fer¬ 
tilizers in, 249 

Oregon soils, sulfur content of, 38 
Organic matl,(‘r, 105 

acids from decaj' of, 107 
effect on ph\'sical jiropertics of 
soil, 108 
tilth, .59 

from manure, 110 
use of fertilizers, 111 
in relation t.o crop yields. 111 
nit rogen oconoiriy, 107 
means of u(‘cnmulatiiig in soil, 
110 

method of estimation, 100 
nitrogen, jirocesst'd, 194 
Origin of soils, 20 

Parsnips, fertilizer suggestion for, 239 
Pastures, ])ermanent, insect problem 
in, 174 

I’ectates, solubility of, 82 
Percolation, reduced by fTops, 140 
PermaiM'iit pasturi's, on wet land, 07 
Pennaiiganati' method of testing 
the (jualify of nitrogen, 
190 

I’hagocytie theorj'^ of soil fertility, 172 
of soil solution, 81 

Phosphat.e and carbonate of lime, 
soil dc-fiiuencies in, 236 
deposits, location of, 201 
fertilizers, effect in wet seasons, 238 
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Phosphate (continued) 
rock and acid phosphate compari¬ 
son of, 20(i 
gypsum, 212 
limcfstone, 262 

clipacatics of various plants to 
• use, 208 
exported, 202 
fineness of grinding of, 212 
for swfH't clov<*r, 208 
on acid soils, 208 
production in United Hi ales, 202 
sulfur-soil compost, 200 
time and method of apjilication, 
26H 

used with manure, 200 
Phosphates, availability reduced by 
lime, 228 
tests for, 204 

compai’ison of various carriers of, 
200 

conservation of, 200 
Phosphatic fertilizers, method of aj)- 
plieatiou, 262 
time of apiilication, 261 
Phosphorus absoquion by barley, 12 
soil, 142 

concent ral ion in surface soil, 12S 
content, of soils of Trenton area, 28 
fertilizers. 2(K) 

Physical analysis of soils, 00 
properties of soils. 64 

organic matter in relation to, 
108 

Plowing, 92 
dcj)th of, 94 
spring and fall, 97 
I’lows, ada})t(;d to soils, 92 
Pore space, \vat,('r and air in, 70 
Potash fertilizers, <‘fTect in dry sea¬ 
sons of, 228 

salts, importation of, 219 

jiroduced in American indus¬ 
tries, 219 

from feldspat.hic rocks, 219 
Potassium, absorption by soil, 141 
amounts in soil and subsoil, 214 


Potassium (continued) 
availability tests for, 220 
available in soil, 214 
i-omparison of carriers of, 221 
depiction in soils, 210 
fertilizers, 214 
sources of, 218 

in soil, methods of making avail¬ 
able, 223 
stalks of ])]ants, 14 
substitution of sodium for, 222 
I’otato scab, control of, 171 
Potatoes, climatic requirements of, 3 
on sandy soils, use of ]X)tush fer¬ 
tilizers on, 21G 

relatives eficcts of various carriers 
of nitrogen on, 198 
(piality of, as affected by use 
of muriate of potash, 

sodium chloridi' as a fertilizer for. 

Processed organic nitrogen, 194 
Produi'tivity in relation to soil en¬ 
vironment, 7 
Protozoa in soils, 172 
Province, soil, 20 

(Quality of market garden crops, 
fertilizer jiractice in re¬ 
lation to, 266 

potatoes, (•ffect of muriate of 
potash on, 222 

toliacco, effeirt of muriate of 
jHit ash on, 222 

wheat, time of application of 
nitrate of soda as re¬ 
lated to (quality, 260 
(iuanfity of fertilizer, in relation to 
acre valiir* of crop, 240 
to apply, 244 
limestone to ajijily, 187 

Radishes, sodium chloride as fer¬ 
tilizer f(>r, 222 

Rainfall and yield of corn, corridation 
between, 21 
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llainfall (continued) 
evaporation ratio, 24 
in relation to erop distribution, 
23 

fertilizer distribution, 254 
Rainwater, nitrogen in. 125 
Raiie, nitrogen content of, 14 
Rare elements in soils, 40 
Rate of removal of drainage water, 
SS 

Ratio, rainfall-evaporation, 24 
Ratios of fertilizer salts, iiroblem of 
deciding on, 231 
of ions in soil solution, S2 
■‘Rawness” of subsoils, 05 
Re-inoculation of soil, niM'd for, 120 
Residual (‘ITect of lertilizers, 251 
Rice, ammonium sulfate as fertilizer 
for, 52 

climatic reiiuirement of, 3 
River water, compoMlion of, 141 
Rock classes, chemical composition 
of, 27 

Roller, use of, 00 
Root rot ot corn, S‘2 
Root .systems of plants, 85 
variation in, (»S 

Roots, pem'tration of subsoil by, (57 
Rotation alone insufHcient, 123 
and continuous cropping coin- 
pirred, 118 
crop sequence in, 120 
.sanitary rc-suson for, HiS 
Rotations for (^irn Belt, clover in, 
122 

Rye as a catch crop, 111 

Salts, capillary movement in .soil, 140 
Sanitary reason for crop rotation, KiS 
Sanitation, soil, 107 
Sandy .soils, jiotassiurn fertilizers on, 
210 

Seed iM'd preparation, 00 
nitrogen in, 14 

Seeds, germination of, in wet soils, 7‘2 
Selling price of crop as rel.-ited to 
fertilizer practice, 242 


Semi-arid regions, use of fertilizers 

in, 238 

Separates, .soil, 55 
Series, soil, 30 
Silicon in wheat straw, 14 
Sod, a.s means of preventing erosion, 
140 

culture in orchards, 103 

Sodium as subst.itute for jHitassium, 

•)*>■> 

W W 'm‘ 

Soil acidity, develojiment of, 80' 
acids, avidity of, 81 
air, 70 

composition of, 74 
anal\'sis, absolute method of, 
41 

mechanical, 51 
physical, 00 
biological, 43 
as guide to jiractice, 41 
classes, 5(> 

environment, productivdty in rela¬ 
tion to, 7 

factors and <‘rop growth, 7 
flora, clas.si heat ion of, 44 
inoculation with, 128 
inanageiiK'iit in relation to water 
control, 25 
imiblem of, 17 
mulch eff(‘ctjvenc.ss of, 101 
j)lan1-.soil <-ycle, 17 
province, 30 
rare (‘h'lncnts in, 40 
renewing ageneie.s, 138 
.separates, .55 
.series, 30 
solution, 77 

methods of extracting, 77 
of, 81 

effect of fertilizers on, 83 
ratios of ions in, 8*2 
.solvent.s, 40 
survi'y, 20 

importance of, 32 
tTcatmeiits, efi’e(!t on crop yields, 9 
type, 32 
water, 62 
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Soils, chonucal analysps of, 37 

iiK'thods, 40 

composition of, vjiria1.iou in, 38 
classilication of, 20 
colloidal properties (jf, 57 
ditlefcnces in composK ion of, 28 
distry)iition of minerals in, 30 
effect of wealheriuj; on, 3(> 
excessive aeration in, 75 
inineraloKiiail analysis of, 35 
ori(|in of, 2() 

physical jiropcrlies of, 51 
similarity in coiniiosition of, 20 
some exceptional, eheinically, 3S 
»Solubiliti(‘s of liming inaterials, 179 
Solution culture for nodule liacteria, 
128 

soil, 77 

methods of (‘xtracting, 77 
Solvents, for availaJile elements in 
soils, 40 

Sorrel, lime re(|uirenien1 of, 1 19 
SoylHian, lnn(> rcijuircmeni <tf, 149 
Soybeans, nitrofii'n lixi'd by, 133 
Sprinkling;, overhcjid system, fl2 
Stalks, polassium and (‘alcium con- 
t(*nl of, 14 

Slassfurt miiK's, 21S 
Slia-ilization of soils, 172 
St.nicture, crumb, 58 
Sijb.soil, es,s('nli:d elements in, 137 
Subsoiliufj;, 95 

Subsoils, chcni'cal eomposition of, 
38 

“raw,’* 95 

Sugar beets, climatic reiiuiremcnt.s of, 
5 

cane, climatic reipiirements of, 5 
Sulfate of ammonia, i-lTeci on soil 
solution, 83 
for rice, 52 

increase in ciirn yidds from 
additional inciernents 
of, 240 

potash, com|)ari,son with other 
carrii'i’s of potassium, 
221 


Sulfur content of crucifers, 14 
.some tlregon soils, 38 
ei^onoiny in soils, 211 
in drainage wat.er, 144 
rain water, 141 

phosphaU' rock-vsoil compost , 200 
us(‘ in control of alkali, 80 
“Superphos|)hate,’’ methods of man¬ 
ufacture, 203 
Survey, ri‘connois.sance, 32 
.soil, 29 

iiniiortance of, 32 
stat e* and national, 32 
Swam]) land, irrigation of, 92 
Sweet elov'cr as a catch eiroj), 114 

cajiacity to use ])hosphate rock, 
207 

])ot.a,ssium of felds])ar, 224 
in rotation, 122 

System of soil management in rela¬ 
tion to fertilizer prac¬ 
tice, 2:55 

'ri’mpi'ratun* of ilrained soil, 90 
Texture, elTcct on capillary rise of 
A\ater, 05 

Theory, rniiK'ial, 15 
Iibagocytic, 172 
toxicity, 72 

’riiiocyanate l<‘st for soil acidity, 
188 

’I’ilc drainage, etTeets of, 89 
''I’illagc, tl3 

ill orchards, 103 

Tilth of soils, elTect of freezing and 
dr\ irig on, 58 
organic matter on, 59 
'^Fobaeco, fertilizer equivalent of ten 
])er cent incrcasi* in 
3 'ield of, 210 

jiotassiuin and calcium content of, 

quality, as affected l,)^' 

potash, 222 '' ' . ^ 
sli*ms as source of poU'-sfeiUip, 2IS 
'I’omatoes, inoculation Iriuls <tn,T30 
Toxicity, theory, 72 
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Transpiration of water by plants, 
rate of, 20 

corn plant, rate of, 20 

Trenton area, phosphorus content of 
soils of, 3S 

Veitch test for lime requirement, 150 

Vettrli jis a catch crop, ] J 4 

Vine and hush fruits, ph(jsphat.if and 
potash fertilizers on, 
249 

Vineyards, use of nitrate of soda in, 
22S 

Virulence of parasitic organisms, H»9 

Water as a limiting factor, 19 
available, in drainetl soils, S7 
capillary, rate of iimvernc-nt of, 05 
amount in soil, 03 
content of soils, 03 
ojitinium, OK 

control, soil management as re¬ 
lated to, 25 

conserved by cultivation, 101 
erosion, rate of, on soil, 145 
gravitational in rclati<in t,o cro]Js, 
03 

hygrosco|>ic, amount in soil, 64 
in pore sy)ace, 70 
lateral inovtmierit in soil, 6S 
maintaining (*ar>acity of soil, 02 
rate of reinov.'il by drainage, 88 
rcquirem€>nts of crops, 19 

plants, as basis for ecological 
»'lassi6(!ation, 24 
supply, critical y)oinl. in, 22 

in relation to croli adaptation, 25 


Water (corUtnited) 
table, depth in summer, 87 
Weathering, effects on soils, 36 
Weeds, as negative factors, 175 
as soil conserving agents, 175 
competitors of corn, 103 ^ 

in continuous wheat, 117 
Wet land, permanent pastures on, 67 
mixing fertilizers, 226 
so:isuns, effect of acid phosphate in, 
238 

soils, alsike clover on, 89 
buckwheat on, 71 
Wilting c<»efficient <if plants, 64 
W'hcat, (theinicul (jomiwsition of, 11 
climatic requirements of, 2 
continuous, in Dak«»tas, 168 
at Rotharnsted, 117 
disease resistant strain of, 171 
quantity in relation to time of 
appli<'ation of nitrate of 
soda on, 250 

straw, silicon content of, 14 
variation in mineral content of, 12 
yields, under irrigation, 71 
W'ood ashes, (‘ffect on s<iil, 155 
Wool, nitrogtai and mineral content 
of, 159 

Xeroi)hylic plants, 24 

ield of wheat undcir irrigation, 71 
^'iolds qf corn, effect of cultivation 
on, 101 

Zinc, as negative factor in soils, 168 


















